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FOREWORD

The present report describes extensions to and generalizations of a radi-
ation transport calculation procedure developed over a period of several years

at first the Aerotherm Corporation, then tha Aerotherm Division of the Acurex

Corporatrion, Mountain View, California. The initial effort was done under Con-

tract N 39-6719 for the NASA Manned Spacecraft Center, Structures and Mechanics
This effort included the development of the basic radiation properties

A subsequent effort was performed under Contract NAS1-9399
On this ef-

Division.
and transport models.
for Langley Research Center, Applied Material and Physics Division.
fort, an equilibrium chemistry capability was incorporated into the proceaure.

The present effort was performed under Contractl-12160 for the Langley Research

Center, Hypersonic Vehicles Division. On this effort the radiation transport

procedure was generalized to allow the equivalent width approximation, and
molecular species properties associated with the Teflon and Silicon systems
were added to the radiation model and the manner in which the far wings of

the hydrogen lines are calculated was modified.
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ABSTRACT

A procedure is described for implementing the RAD/EQUIL/1973 program,

a general purpose radiation transport calculation procedure. Instructions are

given which allow the program input to be prepared, the output to be interpreted,

the operating procedures identified which must be followed and thie meaning of

the error messages to be vunderstood. The structure of the program is described

through a verbal description, a Fortran variables list and a listing of the

program.
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USER'S MANUAL FOR RAD/EQUIL/1973
A GENERAL PURPOSE RADIATION TRANSPORT PROGRAM
by
W. E. Nicolet

SECTION 1

INTRODUCTION

This report describes the RAD/EQUIL/1973 computer program which can be
viewed as a modified and generalized version of the Aerctherm developed RAD/
EQUIL program which has been described elsewhere (References 1 and 2). The
novel features of the RAD/EQUIL/1973 include (1) the capability to sclve the
transport equation by means of the (very rapid) equivalent width method as
described in Reference 3; {2) the consideration of the far wings of hydrogen
lines as part of the continuum transport events, which allows accurate calcu-
lations for elemental systems dominated by hydrogen; (3) the generalization
of the code to allow many of the radiation properties to be specified by card
input; and (4) the provision for efficient flow field coupling.

A general elemental system is allowed, although certain constraints must
be satisfied (see Section 2). As of this writing, solutions have been obtained
for various cornibinations of the C-H-O-ll-He-Si system which is representative of
shock layers adjacent to many ablating bodies. Local thermodynamic equilibrium
is assumcd ©o exist at all times. Molecular, atomic and ionic species are all
considered with those which appear in the 3000°K to 15,000°K temperature range
and 0.1 to 10 atmospheres pressure range being given primary consideration. A
description of the properties model was given in Reference 1 and updated in
Reference 3.

The RAD/EQUIL/1973 code requires as input information sufficient informa-
tion to describe the spatial distribution of the thermodynamic state. This
information can be obtained in a variety of forms, e.g., pressure, temperature,
concentrations of base species (or elements), or enthalpy can replace tempera-
ture, or shock wave conditions can be specified. From’these data it calculates
the intensities along a ray; or if the gas is confined in a plane - parallel
slab, it can calculate radiant fluxes directly. If the radiation is to be ob-
served behind a window, frequency dependent transmission factors are included
which can be used to simulate its transmittance. The wall radiation can also
be included and allowed to interact with the gases.
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The following seven sections describe the operating aspects of the code :
H
in terms of INPUT, OUTPUT, SAMPLE CASES, OPERATING PROCEDURES, ERROR MESSAGES,
CODE STRUCTURE and FORTRAN VARIABLES LIST. A listing is presented in the
appendix.
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SECTION 2

INPUT

The program uses punched cards as the input media. Two data decks are
required, A and B. Deck A contains basic radiation and spectroscopic data,
e.g., f-numbers, line widths and centers, definition of line groups, energies
and statistical weights of levels, etc. Deck A is not changed unless changes
{0 the basic radiation model are to be performed; consequently, it is often
referred to as permancnt data. Deck B contains case data such as path length,

temperatures, pressures, etc.

Figure 2-1 shows a typical data deck setup. Permanent data is always
recad in first, followed by case data. The first set of case data must be
complete; that is, it must include a setup of the spatial nodes and the
boundary conditions. The following cases can be read, in abbreviated form.
Each case starts with a countrol card (KR, title) and ends with a C4 card. !
Successive cases are recad in and run antil a 1 appears on the C4 card. This
terminates the run. A complete description of the two data decks is given in

Table 2-1.
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TABILE 2.1

ANPUT CARDS

DECK A - PLERMANENT DATA

Group 1 - Basic Radiation Data

Card 1, Format (12, 2X, I2, 2X, 12, 2X, I2)

Field 1, (Columns 1 -2), NHV
This is the number of line groups to be included in the
calculation (maximum of 25)., A discussion of the judge-
ments involved in selecting the appropriate nvmber of
line groups is given in the discussion of the FHVM and
FHVP values.

Field 2, (Columns 5 -6), NXI
This is the number of special hydrogen lines for which ;
no (half) half width data is read in. When thec hydrogen
lines are to be included, NXI = 4, Otherwise, it equals
zero. The four lines given special treatment are the
Lyman o and 8 and the Balmer o and R. Half wiath informa-~
tion is read in for each of the remaining hydrogen lines.

Field 3, (Columns 9 -10), IzZ2
This is flag which determines how the far wings of the
special hydrogen lines are handled. 1If I2Z = 0, the far ;
wing contributions are added into the next lower lying
line group. If 122 = 1, they are added into the continuum. i

Field 4, (Columns 13 - 14), NOUT
This variable determines if Deck A is to be read in. If
NOUT equals zero, Deck A is read in. If NOUT is greater
than zero, the remainder of Deck A is not read in.

Group 2 - Atomic,Statistical and Continuum Radiation Data

A sequence of cards is to be used to describe the atomic enexgy leveils,
degeneracies and continuum radiation provided for each of the radiat-

ing species. The input is grouped by “amilies where a family is
made nup of species having the same atomic number but different atomic
charge. For each family, the first set of data is input for the most
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highly charged specie, then additional data follows for the
succeeding (lessor charged) species down to the neutral atom.
Radiation data for the first specie of each family is obtained
by estimate, so it should not be present in significant con-
centrations. The data for a two family O, N s: stem might be

input as follows:

fo data]
[ot  adatal
o datu]
IN'T datal
(nt  aatal
N datal
[ Blank ]

For each specie the following data is required:

Card 1, Format (313, E11.3, E10.3, 40X, 2a4)

Field 1 (Columns 1 - 3), IAT
Atomic number of the specie.

Field 2 (Columns 4 -6), NN

Number of photoionization edges to be considered explic-

itely for the specie.

Field 3 (Columns 7 -9), NBN

NBN is set to 1 if the low freqguency contributions are to

be treated with the approximate theory due to Biberman

and Norman (the usual case). NBN is set to 0 if the low

frequency contributions are to be treated differently.

Field 4 (Colums 11 - 20), 2

The charge on the residual ion. Thus, 2 = 1 for neutrals,
2 for singly ionized ions, 3 for doubly ionized ions, etc.

Field 5 (Columns 21 - 30), XION
The ionization energy for the species in ev,

Pields 6 and 7 (Columns 71 - 78), BETA, BETB
Two part alphanumeric name for the specie.

Card 2, Format (8E10.3)

Fields 1, 2, 3... (Columns 1 ~-10, 11 ~20, 21 - 30, etc.), GEE
These are th- statistical weights of the atomic £nd ionic
levels. For unlumped levels GE: = 2J + 1 where J is the
inner quantum number of the level and can L& obtained £rom
tabulations (Refercnce 4). For lumped leveis, GEE is
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obtained by summing the contributions from individval
levels, The program is currently dimensioned to handle
8 quantum levels per specie, maximum.

Card 3, Format (8Y10.3)

Fieilds 1, 2, 3... {(Columns 1-10, 11 -20, 21 - 30, etc.), EPS
These are the enerjyies of the levels (in ev)., For alumped
levels, valu-, can be obtained from tabulations (Reference 4).
for lumped values the eguation

EPS _ LGEE * EPS

'lumped - TGEE
is applicable where the summations axe taken over all the
levels to be lumped.

Card 4, Format (8E10.3) (Skip if NBN = 0)

Field 1 flolumns 1 - 10), HVG
In their theory, Biberman and Norman supply two approximate
relations valid in the very low frequency range and the
moderately low freguency range, repsectively. This value
(ilvG) specifies where {in «v) Lhe code transisis fiom one
relation to the other for the particular specie in question.
Field 2 (Columns 1l ~ 20), TTHRES
rhis valuc and the two following in succeeding fields form
a temperature dependent correction which can be applied to
the low frequency Biberman and Norman reiations. The
correction has the form

= ulBN

for T < Ty eshold 2"

= x (coef, + coef, » T)
¥ NIBN 1 2

for T > Tthreshold

where TTHRES is the threshold temperature.

Field 3 (Columns 21 - 30), COEFA
See the discussion given for the previnus field. This valus
ig the first coefficient - couf;.




P

Field 4 (Columns 31 -40), COEFB
See the discussion given for the previous two fields. This
value is the second coefficier. = coefz.

Card 5, Format (8E10.3) (skip if NBN = 0)

Fields 1, 2, 3 (Zolumns 1 -10, 11 -20, 21 ~30, etc.), XIS
These are the § factors employed in the Biberman and Norman
theory. Eight values must be given for each specie at the
frequencies 0, 1, 2, 3, 4, 6, 8, 10 ev,

Card 6, Format (59X, E14.5, I3) (skip ir NN = 0)

Field 1 (Columns 60 ~73), HVT
This is the threshold frequency for the first photoionization
level to be considered explicitely (ev).

Field 2 {(Columns 74 - 76), LEV
Index on the absorbing level assigned to the first photo-
ionization level.

Card 7, Formet (17X, 7E9.2) (skip if NN = 0)

Field 1, 2, ... 8, (Columns 18 -26, 27 -35,...), CSS
These are the cross sections ¢ in cm? x 10' used to define
the first photoionization level to be considered explicitely.
Eight values must be given at the following frequency incre-
ments measured from the threshold frequency (ev): 0, 1, 2,
4, 6, 8, 10, 20. :

Cards 8, 9 (skip if NN < 1)
The input data given on these two cards is identical to that
given on cards 6 and 7, except that it is applicable to the
second photoionization lavel to be considered explicitly

Cards 10, 11, ..., N1-1, N1 (skip if NN < 2, ... etc.)
This defi.es the input Jor the remaining photcionization levels
assigned to the first specie. Not ' that a maximum of 30
individual photoionization levels (summed over all speciaes) are
allowed in a given data deck. Card Nl is the last card assigned
to the continuum data for the tirst specie.

Cards N1 + 1, ... N2
The input data given on this card set is ideutical to that given
on cards 1 to N1 of Group 2, except that it applies to the
second radiating specie in the fawmily.
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Cards N2 + 1, ... N3
Data for the remaining species .in the first family and in the
subsequent families are given on these cards, again in the
same form as that given on caids 1 to N1 of Group 2.

Card N3 + 1 )
A blank card is read to identify the end of the .roup 2 data.

Group 3 -~ Holeéular Species Radiation

Card 1, Format {20A4)

Fields 1, 2, ... (Columns 1-4, 5-8, ...), BA
These are the alphanumeric names of the species which have
molecular band system absorption coefficients programmed
into subroutine MU. A maximum of 16 are allowed. A typical
list might include the following: N3, NO, 0,. Ny, CO, H,, C,,
CN, C7, H, C,, 0Si, O .
Card 2, Format (20A4)

Pields 1, 2, ... (Columns 1 -4, 5-8, ...), BB
These arce the alphanwicric names of the spccies which
have molecular band systems which are to be included in
the calcualtions. This list must bc selected only from
the BA list and must be in the same order, e.q., Hz, Cz, C-,
H , Ca.

Group 4 - Line Group Cpecification

Cards 1, 2, ... N4, Format (6El2.38)

Field, 1,2, ... (Columns 1-12, 13 -24, etc.), FHVM
These are the low frequency boundaries on the line groups.
An FHVM value along with an FHVP value defines a frequency
increment. All the lines with their centers within that
increment detine a linc group. The continuum properties
and the black body functions are evaluated at only one fre-
quency point for each line group. Therefore, the frequency
boundaries on the line group should not be so wide as to
allow appreciable changes in these guantities. In addition,
contributions to the transport from sources outside the
boundaries of the line gfoup are not taken into account,
Therefore, the boundaries_on a line group should never be
too close to the center of a line within the group.
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Cards Nl + 1, N1 + 2, ... N2, Format (GEl1l2.4)

Field 1, (Columns 1-12, 13 -~ 24, etc.), FHVP
These are the high frequency boundaries on the line groups.

Cards N2 + 1, N2 + 2, ... N3, Format (6E12.4)

Field 1, (Columns 1 -12, 13~ 24, =2tc.), FHV
Thesc are the frequencies at which the continuum properties
and the black body function are evaluated for each lire
grcup. They are usually taken to be roughly midway between
FHVP and FHVM. Thus, FHV is often referred to as the "average®
frequency of the line group.

Group 5 - Hydrogen Index (Skip this group if NXI = 0)

Card 1, Format (4012)

Field 1 (Columns 1-~2, 3 -4, etc.), 1A
These arc the indices on the line groups which contain ihe
special hydrogen lines {one per line group, maximum). The
line groups arc always numbered sequentially starting with
those at the lowest frequency.

Group 6 ~ Number of Lines Per Line Group

Card 1, Format (4012)

Field 1, (Columns 1-2, 3 -4, etc.), NU
This is the number of lines which are situated within each
line group and which are treated individually. This numberx
must equél the numbur of line data cards read in for each
group. Whenever a line is incorrectly assigned to a line
group the program will stop and write out the message "LINE
CENTER OUT OF GROUP FREQUENCY RANGE." To satisfy the dimen-
sion limits, the condition must be satisfied

No. lines in group x No. freg points per line < 200.

where the number of frequency points per line is usually taken
to be 15. If 12Z = 0 and NXI # 0, the far wings of each cf
the hydorgen lines are included in each of the adjacent and
just lower lying (in frequency) line:gxoups (AJLL line group).
The program views each of the AJLL line groups as having an
extra line and, consequently, allows a maximum of lines from
the input deck of

10
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(No. of lines input to group + 1)

x No. of frequency points per line < 200

Group 7 - Base Data for Line Tran:sitions

Cards 1, 2, ... No. of Lines, Format (2A4, I2, F104, 2£12.1, 3E12.2)

Field 1 and 2, (Colurns 1 -8), BL, BM
Thesc are a two part alphanumeric name for the species to

which the linc is assigned.

Field 3 (Columns 9 - 10), ND
This is the index for the absorbing level for each line.
It is relative to the input data read in under Group 2
for each specie, Thus, ND = 2 indicates that the line is
to be assigned to the second level of species BL, BM with
an energy and statistical weight obtained from the Group 2
data. Obviously, sufficient data must be input in Group 2
to support all the assignments in the group.

Field 4 (Columns 11 - 20), TXPN
For nonhydrngen lines the (half) half width data for the
stark broadening events are calculated by relations of
the form

T BXPNk

Yk(T) = vk(10000°x)(15555)
where EXPN is the temperature exponent for each line.
For common hydrogen lines, set

2
EXPN = n,

where n, is the principal quantum of the upper level assigned

to the line transition.

Por a special hydrogen line.set

EXPN = 0

Field § (Columns 21 - 32), HVL
Frequenty of the center of the line (in ev).

Field €6 (Columns 33 ~44), FF
This is the £ number of the line when the lower level of

the transition is unlumped. When it is lumped

A DN et B it i st A 5
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FF = GEEGEE i
Ilumped

~ where GEE is the statistical weight of the unlumped lower
level of the transition.

Field 7 (Columns 45 -56), GAMP
For non hydrogen lines, this is the (half) half width per

free electron of each line due to Stark Broadening, evaluated

at 10,000°K,

For common hydrogen lines this is

-’ 5
- <+
GAMP nl n

that is, the sum of the 5th powers of the upper and lower
principal quantum numbers assigned to the line transition.

Field 8 (Columns 57 -68), XNOL
Each of these is the number of lines in a given line group
which have identical properties. It is used only when the
properties of several lines are to be averaged and trans-.
port calculated for the averaged line, tnen multiplied by
the number of original lines to obtain the total. Only
lines in the low fregucency region (less than 5 ev, roughly)
should be averaged in this manner.

Field 9 (Columns 69 -80), GUP
racih of these is the statistical weight of the upper level

y : of the line (used in resonahce broadeniny calcdlation, only).

i Group 8 ~ Frequency Nodes for the Continuum

Card 1, Format (2413)

wht Field 1 (Columns 1 - 3), NIHVC

PO

B e

B S,

12

X

Qﬁb;g ‘ This is the number of continuum frequency points (a maximum
,g 3 of 50 is allowed).

§§‘i o Cards 2, 3, ..., Format (6E12.1)

tgw Field 1 (Columns 1 ~12, 13 -~ 24, ete.), FHVC

These are the continuum frequency points which are selected.
Care must be taken to ingure that thé photoionization edges
in the ultraviolet are adequately resolved. In addition,

if NXI # 0 and 122 = 1, pairs of sequential continuum fre-
quency points must be selected to coincide with the boundary
points for the line groups containing the special hydrogen
lines. -
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DECK B ~ CASE DATA

Group 1 - Control Card and Title

Card 1, Format (20I1, 15a4)

Field 1 (Columns 1 -20), KR

Column 1

determines the type of the calculation

0 Calculate intensities

1 Calculate fluxes

2 Calculate absorption coefficients

3-6 DO not use
.Column 2 sets the conditions for the radiating layer

1] Allows arbitrary specification of thermo-
dynamic state across the layer ’

1 Allows arbitrary specifications of thexmo-
dynamic state but requires that the proper-
ties be uniform across the layer

2 Allows the thermodynamic state to be determined
from specified shock wave conditions. The
properties behind the shock wave must be uniform
across the layer.

Column 3 determines if molecules are to be included in the
calculation

o Molecules can be included with the bandless model
approximation (standard case)

1 Molecules are not inciuded

2 Molecules can be included using the JORL approxi~
mation (this option is not active for all code
versions) )

3 Molecules can be included using an Elsasser Band
model applicable for infrared band systems (this
option is not active for all code versions).

Column 4 determines how line contributions are calculated
.0 Include lines but allow weak lines to be treated
approximately ‘ .

1 Include lines in full detail

2 Bxclude lines

3 Employ eguivalent width approximation (much faster

than 0 or 1 options if H ¥4 absent or if 122 = 1)
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Column 5 determines the optical conditions of the wall

0 Requires a cold, black wall

1 Requres a black wall but allows it an arbitrary
temperature

2 Allows a wall with an arbitrarily specified
temperature, enmittance and/or transmittance

3 Arbitrary wall emittance and transmittance, sets
TW = TEE(l}) if KF{l) = 0

4 Black wall, sets T™W = TEE{l) if Xr(1) = 0

5 Transparent wall

6, 7, 8

Same as 3, 4, 5 lrespectively) except that the
boundary condition on the outer boundary is
assumed to be black body at TEE(NY)

Column 6 specifies the type of flux or intensity calculated
at the wall

0 Incident flux or intensity

1 Flux or intensity transmitted through the surface

Column 7 determines how the thermodynamic state conditions of
the radiating specics arc obtained

0 Uses the resident values
1 Performs chemistry calculation
2

Reads in mole fractions, temperature pressures and

{when required) density. The density is required

in the density stretched coordinate system (KR(13) > 2)

Column 8 determines whether frequency or wave length is used
for output

0 Uses frequency, hv (ev)
1 Uses waveicngth, X (microns)
2

Uses frequency, prints out 1*- B or F*<E (more

accurate when transport is apprecaching the diffu-
sive limit). This option is not active for KF‘1l7) = 1.
Column 9 determines if the program is to check the validity of

the continvum frequency grid

1
1
!
i
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0 The grid is checked - use for energy transfer
calculations
1 The grid is not checked ~ use when only a selected

part of the spectrum is of interest.

Column 10 determines where the program cbtains (1) normalized
spatial nodes, (2) index on spatial nodes to determine where
fluxes or intensities are to be printed out and {3} the
optical properties of the wall.

0 Uses resident values
1l Reads in new values (required for first case).
Column 11 - Not used.

Column 12 determines if the chemistry input package is to be

read
0 Read in new data for element and molecular, atomic and
ionic species; input data will not appear in output.
1 Use resident elemental and species data
2 Same as KR(12) = 0 except that data will appear in

output.

Column 13 determines nature and source of spatial length
parameter, DELTA

0 Reads it in as optical path length

1 Takes it equal to the stand off distance of the bow
shock of a sphere (the spherical radius (cm) is read )
in).

2 Same as KR(13) = 1 except that the spherical radius
is in feet

3 Set equal to edge value for a density stretched coor-

dinate system, i.e.
DELTA = ne
where Yedge
ng = f pdy

o
vhere 2 = 1 unless the code is modified internally.
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Column 14
Column 15 Not used
Column 16
Column 17 d=termines the amount of radiative output
0 Normal radiative output
1 Extensiv. radiative output
2 No output fron radiation calculations.
Column 18
Column 19 Not used
Column 20

Field 2 (Columns 21 - 80), CASE

This is the title of the case (alphanumeric) used for identi-

fication of printed output.

Group 2 - Chemistry

Control Card (skip tkis group if KR(7) = 0)

Card 1, Format

(2011, 5nr10.3)

Field 1 (Columns 1 ~ 10), KQ

Column 1 determines which variables are used to specify thermo-

dynamic state

0
1
2

Column 2 determines if chemistry package is to be read in (see

Temperature
Not active

Enthalpy (if KQ(5) = 0) or shock wave conditions
(if KQ(5) = 1)

KR(12), also)

0
1

Column

Column 4 determines if second order partial derivatives are to
be calculated for external use (they are not required for the

Use resident data
Read in new data (required for first case)

3 must be the same as column 2

radiation calculations)

0
1

16

Does not calculate them (allows faster calculations)

Calculates them (not active for all code versions)
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Column 5 determines if the shock wave option is to be used

0 Nct used

1 Shock jump conditions will be calculated

Column 6 determines the form of the A(I,J) array for external

use (it is not required for the radiation calculations)

0 Partial deravatives are obtained assuming that the

~lemental mass fractions can take on any value.

1 The mass fraction of the last heavy (non-electron)
element is forced to vary so that the elemental

mass fractions always sum to unity.

Column 7 determines the output from the chemistry subroutines

0-8 Normal output
9 No output
Columns 8-20 Not used
Field 2 (Columns 21 - 30), THETA
This is the arole between the shoeck wave normal and the freoe
stream velocily vector (e. g. THETA = 0 for a staanation
point at zero angle of attack). An entry here has meaning
only when the shock wave option is to be used. This is also
truc for the next four fields.
Field 3 (Columns 31 -~ 40), Ssvl

This is the velocity (ft/sec) upstream of the shock wave.

Field 4 (Columns 41 - 50), Srl
This is the pressure (atm) upstream of the shock wave.
Field 5 (Columns 51 - 609, SRl

This is the density (1b/ft®) upstreum of the shock wave.

Field 6 (Columns 61 - 70), HS
This is the static enthalpy (Btu/lb) upstream of the shock

wave.

Group 3 - Chemistry Input (Skip this if KR{(7) # 1 or KR(1l2) = 1)

Card 1, Format (I3,F7.0)
Field 1 (Columns 1 - 3), IS

Number of elements in the system including electrons if considered.

17

Gttt At

RIS

A o A b, SN, it

I baieiai i b L ST M



R

18

.

Cards 2,3. . .,IS, (Cne for each element, see Card 1, Field 1 of this
group), Format(I3, 3A4, 4F10.5)

Field 1 (Columns 1 - 3), KAT(K)

Atomic number of element (99 for electron), cards must be
ordered with this number ascending with electron last (when

considered)

Field 2 (Columns 4 - 15) ATA(K), ATB(K), ATC(K)
Name of element (used for output only). For best looking
output, elements with 3 or 4 letters (e.g., iron) should
start in Column 6, elements with 5, 6, or 7 letters (e.g.,

carbon) should start in Column 5, and clements with 8 or
more letters (e.g., nitrogen) should start in Column 4.

Field 3 (Columns 16 - 25), WAT(K)

Atomic weight of element

Group 4 ~ Thermodynamic Data (Skip this if KR(7) # 1 or KR(12) = 1)

There are thrce cards for each molecular, atcwic, condensed, or ioni-n
species. A total of 40 species of all types are allowed. The number
of allowable condenscd-phase materials is (12~IS). A blank card after
the last set concludes the thermodynamic data. The arrangement of
these cards scts is of conscquence in so far as it determines the

base species upon which mass balances are performed, the first in-
dependent set of base species being selected. Singular matrices can
result from certain sets of theoretically-acceptable base species due
to round-off errors. PFurthermore, mass balances, etc. for the (NSP)th
base species is obtained by difference. Therefore, the element
represented by this base species should be present in appreciable
quantities. For example, for air, molecular nitrogen is a good choice
for the (NSP)TH basc species. Except for these considerations, atomic,
molecular, and condensed species can be arranged in any order. When
ionized flows are considered, the atomic, molecular, and condensed
species data must appear first and be followed by, first, electron
species data, and then the ionic species data (which can be in any
order). The data format accepted by the program (described below)

are as gz2nerated by the Aerotherm TCDATA program and are the same

as that used in NAVWEPS Report 7043. Thermochemical data decks have
been generated for about 600 species, based mostly on curve fits of

JANAF data.
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Cayxds 1, 4, 7, ... One for each molecule, Format (7(F3.0, 13),

30X, 2A4)
Fields 1, 3, 5 ... One for each element in molecule (Columns
1-3, 7-9, 15-15 ...), ALPT(N) in each field

Number of atoms {(of atomic number given in subsequent field
in a molecule of this species. If field one is zero this
card is presumed to be end of thermodynamic data.

Fields 2, 4, 6 ... One for each clement in molecule, (Columns
4-6, 10-12, 16-18, ...), JAT(N) in each field

Atomic numbpers of elements in molecules (listed in ascending
sequence) .
Last Ficld, (Columns 73 - 80)
Molerular designation (e.g., SI02) for output
Cards 2, 5, 8, ... One for each molecule, Format (6E9.6, 6X, F6.0, Il)

Field 1, (Columns 1 - 9), RA(J) i

Heat of [ormation of molecule at 298°K from JANAF base state

{clements in most natwvral from at 298°K), cal/mole.

Fields 2 - 6, (Columns 10 ~ 18, 19 -27, 28 - 36, 37 - 45, and |
46 - 54), CH(J,1), RC{(J,1), RD(J,1), RE(J.1),. RP(J,1)

Constants appropriate to lower temperature range of thermo-
dynanic data. Taking F2, F3,.:., as Fields 2, 3, etc., the
curve fits are as follows with T in °K, H in cal/mole, and
S in cal/mole °K.
Heat capacity, CP = F3 + F4% T 4+ F5/T**2
Enthalpy, H - H298 = F2 + F3*(T - 3000) + 0.5*r4*
{(T**2 - 3000**2) ~ F5*(1/T - 1/3000)
Entropy, S = F6 + FI*LN(T/3000) + F4* (T - 3000)
- 0.5*F5* (1/T**2 -~ 1/3000**2)
Field 7, (Columns 61 - 66), TU(J,1)

Upper limit of lower temperature range--in °K. (For condensed-
phase materials which melt, it is appropriate to use melt tem-

peratures).

19
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*ield 3, (Column 67), KPHA(1l)

1 signifies gaseous species
2 signifies solid species
f 3 signifies liquid species
j Cards 3, 6, 9, ... Cne for each molecule, Format (6E9.6, 6X, F6.0,
11)
o Fields 1 - 8, (Columns 1 - 67)

Same as Cards 2, 5, 8 ... except use constants for upper

temperature range and Pield 7 is ignored.

Last Card - &1 blank card is used to signify the end of thermodynamic
< data.

Group 5 ~ Nodal Input and Surface Properties (Skip this group if KR(10) # 1)

Card 1, Format (24I3)
? Field 1, (Columns 1 - 3 ), NIC

This is the numher of spatial stations at which transport is
to be printed. This number must be egqual to or lescs than

20 for normal output or 1 for extensive output.

§ Card 2, Format (2413)
Field 1, (Columns 1 - 3, 4 - 6 ...}, NICN

These are the indices on the spatial stations where transport
; is to be printed. The nodal points usually start with 1
4 ' at thc wall and increcase away from the wall.

|

i

1 .

| _ Card 3, Format (513)

: Field 1, (Columns 1 ~ 3), NY .
This is the number of spatial nodes used to describe the slab

(or ray). It must be equal to or less than 20,

Field 2, (Columns 4 - 6), NI

This is the index on the spatial point at which the line
frequency coordinate system is to be evaluated. For a layer
in which the elemental composition does not vary greatly, use

- the high temperature boundary. When the elemental concentra-
tion does vary significantly, select a point where the temp-
eratures are the highest but all the elements are still present.

-
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Cards 4,... N5, Format (6El2.4°

Field 1 (Columns 1 =~ V.. "4 - 24,...), (YY(I), I = 1,NY)
1L ¥R{13) - .., t!v+«. ..o the normalized distances from the
wall to each sp...+ station. If KR(13)} > 3

YV TY =
YV X n(I)/ne

where n{I) is ¢ density stretched coordinate normal to the
wall. For both cases,; values should be selected so that
the thermodynamic variation of the slab (or ray) is well
descyibed.
~=-=-=-8kip the Rest of Group 5 if KR(S) # 2, 3 or 6=----
Cards N5+1, N5+2,...,N6, (Format (6E12.1)
Field 1, (Columns 1 - 12, 13 ~ 24, ...), AHV

These are the absorptances or emittances of the wall - one

for each continuum freguency point.
Cards N6+], ...,N7, Format (6L1Z.1)
Field 1, (Columns . - 12, 13 - 24, ...), HVL

These are the absorptances or emittances of the wall - one

for cach line group center frequency.
Cards N7+1, W7+2, ..., N8, Format (6E12.1)
Field 1, (Columns 1 - 12, 13 - 24, ...), TMSW
Continuum transmittances of the wall ~ one for each con-
tinuum frequency point
Cards N8+1l, N8+2, ..,,N9, Format (6El12.1)
Field 1, (Columns 1 - 12, 13 - 24, ...), TMSWL

Line group transnuttances of the wall -~ one for each line

group center freguency.

]

Group 6 -~ Uniform Conditions Input (Skip this group if KR(2) 0)

Card 1, Format (6BE12.4)
Field 1, (Columns 1 - 12), DELTA

DELTA is the radiation path length paramter. Its meaning is
discussed along with the discussion of the KR(13) variable.

21
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Field 2, (Columns 13 - 24), PRES(1l)

The variables in this field and the following three fields
have meaning only when KR(7) > 1. PRES(1l) is the pressure
(atm) to be assigned to the uniform layer. If KR{2) = 2,
this value will be overridden by the downstream shockwave

pressure.
Eield 3, (Columns 25 - 34), TEE({(l)
If KQ(1) = 0, THE(1l) is the temperature (“*K). If KQ(1l) = 2,
TEE is the enthalpy (Btu/lL).
Field 4, (Columns 37 ~ 48}, SLOPE

The variable in this field has me=anina only if the radiation
path length is to be set equal to the standoff distance of a
spherical body (KR(13) # 0 or 3). If SLOPE = 0., the classical

standoff formula is employed, i.e.
§ = SDR * DELTA/(1l. + '3 SDR)

where SDR 1s the density ratio across the normal shock wave.
If SLOPE > 0, the standoff distance formula employed is

§ = SDR * DELTA #* SLOPE

which is consistent with Lhe recommendations of some of the
more rccent studies.
Field 5, {(Columns 49 60), V

This is the density (ib/ft?) of the gases in the radiating

layer. It has meaning only if a chemistry solution is not

going to be obtained (KR(7) = 2) and if a density stretched
coordinate system is to be used (KR(13) > 3}).

Card 2, Format (6E12.4)

Field 1, (Columns 1 - 12), TW )

The temperaturc (°K) which is used to calculate the emission
from the wall, 1If KR{15) = 3, 4, 6 or 7, this value will
be overridden by the program.
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-~=-~IF KR(7) # 1, Skip the Next Card----

Card 3, Format {8E10.3}

Fields 1, 2, ...{Columns 1 - 10, 11 - 20, ...}, (SP{I), I =1,
ISM)

These .ro the mass fractions of the base species. Their

order must be identical to that used for the species in the
chemistry input (Group 3). ‘then elements are used as base i
_species, these variablcs become the usual elemental mass

fractions.
---=IF KR!7) # 2, Skip the Next Card----~
Card 4, Format (2413) i
Field 1, {(Columrs 1 - 3), NSFEC
This is the rumber of raaiating species to be read in.
~--=IF KR(7) #¥ 2, Skip the Following Card Setg----

Read onc card set per radiating species to be read in for
a total of NSPEC caru scts. A card set must be included ;

for the clectron specic.
card 5, 6, ...Format (2A4, 2X, 7E10.2)
Fields } and 2 (Columns 1 - 4, S - 8), FAMOA{J), FAMOB(J)

These arc Lhc two-part names of the radiating species. They
must correspond cxactly with the names used in DECK A. ’ |

Field 3 (Columns 11 - 20) FR{J,1)

These are the mole fractions assigned to each of the species.

Group 7 - Nonuniform Conditions Input (Skip this group if KF (2) # 0)

Card 1, Format (1El2.1)
Field 1, (Columns 1 - 12), DELTA - :

DELTA is the radiation path length parameter. 1Its meaning is
discussed along with the discussion of the KR(13} variable.

--~=-Skip the Next Three Card Sets if KR(7) = O-=w~-

Cards 2, ...Nll, Format (6E12.4)
Fields 1, 2' ...(Columns 1 - 12, 13 - 24,_ a-A) (PRES(I), I= 1,NY)

s

These are the pressures (atm) at each spatial node. K
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Cards N1l + 1, ...N12, Format (6El12.4)
Fields 1, 2, ...{(Columns 1 -~ 12, 13 - 14, ...)(TEE(I), 1 = 1,NY)

If RO{1) = 0, thesc are the temperatures (°K) at each
spatial node. If KQ(1l) = 2, they are the enthalpies
(Btu/lb).

—-=~Skip the Rext Card Set if KR(7) # 2 or KR(13) < 2==--
Cards N12 + 1, ...N13, Format (GEl2.4)
Field 1,2, ...(Columns 1 ~ 12, 13 - 24, ...)(RHO(I), I = 1,NY)

“hese are the gas phase densities (lb/ft?) at each spatial
point.

Card N13 + 1, Format (6E12.4)
*ield 1 {(Columns 1 - 12) TW
This variablce was described previously in Group 6.
----Skip these Card Sets if KR(7) # l-—-~
Rcad in onc card set per spatial node,I.
Card N13+2, ...N14, Format (8E10.3)
Fields 1, 2, ...(Columns 1 - 10, 11 ~ 20, ...)(SP{(I,u), J = 1, ISM)

These are the mass fractions of the basce species at each
spatial node 1. The odering of the species muyst be the same
as that uscd in Group<3.

----Card N15, Format (241I3)
~ Field 1 {(Columns 1 - 3) NSPEC
This is the number of radiation species to be read in .
--~-Skip the Following Card Sets if KR(7) # 2--~--

Read one card sct per radiating specie to be read in for a
total of NSPEC card sets. A card set must be included for
clectrons. A mianimum of two cards per specie is required.

Cards N15 + 1, ...N16, Format (2A4, 2X, 7E10.2/(8E10.2))
ficlds 1 and 2 (Columns 1 - 4, 5 - 8) FAMOA(J), FAMOB(J) “

These are the two-part names ofthe radiating species. They
must correspond cxactly with the names used in DECK A.
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rields 3, 4, ...(Columns 11 - 20, 21 - 30, ...) (FR{J,I), I = 1,NY)

These are the mole fractions of the Jth specie at each of the
I1th spatial points across the radiating layer. The wall is
usuall; positioned at I = 1.

Group 8 - Termination of Run

Card 1, Format (6E12.4)
Field 1, (Columns 1 - 12), C4

If C4 = 0, begin reading in a new case starting with Group 1
of DECK B. If C4 = 1., stop calculations.
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SECTION 3

OuTPUT

3.1 NORMAL OUTPUT

For a given case, the normal output consists of five sets of data,
each of from onc to three or four pages in length. 7The first set summarizes
the permanent data deck being used. The second set gives the radiation and
chemistry control numbers and defines the radiative boundary conditions for
the case being run. The third set defines the spatial variations of the thermo-
dynamic stale propertics, starting with cnemistry solutions at the wall and
cach successive spatial mode and finishing with the ray length (or the wiath
of the radiating layer) and a summary of the number densities of the radiating
species. The fourth set gives the results of the continium transport calcula-
tions, and the fifth gives the results of the line transport calculations.
then e e than on: casce is calculated in a given run, the first sct of data
is printed oul. for the first case only. The other four-sets are printed out

for cach case. .

The first set of data is given the title "DECK A". Twelve columns of
data arce printced out under thi~ following headings:

GROUP, 1lv, WV+, V-, N, NAME, K(I), HV(I), F(X), GAM(I), EXPN(I), NOL

The first five columns define the properties of the line groups; the second
seven define the properties of the lines witiin each line group. With one
exception, these variables are the samc as the input variables, although
slightly different terminology is used. In terms of input variables the
hecadings are the following:

LINE

GRrROUP SPECIES

INDEX, Filv, FHVP, FHVM, NU, NAME, ND, HVL, FF, GAMP, EXPN, XNOL
The eoxception is the K(I) or ND variable where the input variable ig an index
on the . sdrbing level relative to the ground level of its species; where as,
the ND variable i5 the index of the absorbing level relative to all the levels
considered in the data deck. The remaining variables were defined in Section 2.
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: . The second se!. of data is titled "CASE-XXXX" where XXXX is the case title
; which was read in cn the rirst card of Deck B. The radiation control numbers
(KR(I)) and the control numbers (KQ(I)) are given which describe the case.

An output block is also given for flow control numbers which are set internally

i e —————————— — s o,
.

in the code ard arc not usec o define cases. These are followed by the
“RADIATIVE BOUNDARY CONDITIONS" givea .n terms of the emittance and the
transmittance of the wall and the outer boundary and as a function of both
th2 ccntinuum and line group frequencies (corresponding wave lengths are also

given). )

The third set of data is always given in title "THERMODYNAMIC STATES
ACROSS THE LAYER~-STARTING WITH WALL." The thermodynamic data printed out at
each space station includes temperature (°K), pressure (atm), molecular
weight, enthalpy (cal/gm), entropy (cal/gm-°K), density (gm/cm®) and the names
of the species with their mole fractions. At the end of these thermodynamic
data, the path length parameter DELTA is given followed by a block of number
densities given for cach radiating specie at each space station across the
layer.

The fourth set of data is given either the title "CONTINUUM CONTRIBUTION
TO THE SPECTRAL FLUX" or "CONTINUUM CONTRIBUTION TO THE SPECTRAL INTENSITY"
depending on the type of calculation being performed. The next row gives
the normalized ¢istances to the space nodcs where the transport integrals were i
evaluated. The first column gives the nodal points in frequency used ia the
continuum calculation. When thc transport integrals are to be evaluated at
6 points or less (NIC < &), the next 2 times NIC columns represent F; and Ft
' or I; and I;) given alternately, one combination for each node at which the
‘ ‘ transport integrals were evaluated. When NIC > 6, there are two rows of output
for each continuum frequency point. The top row is F; (or I;) and the bottom
row (which is slightly displaced to the right) is Fz (or I;). Frequency in-
tegrated values are given at the bottcm of the page for the NIC spatial nodes

an AR BV I QYRE R REABIN Lt s 0 e mits uraey oy st <ot s« o

e

being considered.

The fifth set of data is given the title "LINE RADIATION." The next

row gives the normalized distances to the nodes where the transport inteqgrals 4
were evaluated. The first column gives the index on the line group being
. considered. The next column gives the center frequenc ' of the line group. ;
; "The first row gives the line correction (Fg or It ~ se Equation 66 of Ref. 1) 3
v%ﬁ . ) --integrated over the frequency increment of the line gr« 1p and in the negative
CER { direction. The second line is displaced slightly to th right and gives the |
corresponding value in the positive direction. The tot.l line correction to ﬁ
?

the directional fluxes are given at the bottom of the page.

B
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3.2 EXTENSIVE OUTPUT

The extensive output package may be activated at a single specified
spatial point. This consists of seven sets of output data, five of which
are roughly one to thrce or four pages in length, one of which is roughly
twenty pages in length (extensive continuum output) and one of which is
roughly one hundred pages in length (extensive line output). The first three
sets of data are identical to the first three sets of the normal output data.
The fourth set g.ves the extensive continuum output; the fifth gives the
continuum outpuf summarxy; the sixth set gives the extensive line output,. and

the seventh set gives the line output sumnary.

In the fourth data sct, three dependent variables (B,FMU, and TAU)
are presented as functions of fregquency (HV in ev, as printed out) and spatial
position. For each of the continuum freyuency points, the: entire spatial
array of each variable is given, startina with the wall value. The variable

B represents the Planck function (or the »lack body emissive power); the
variable FMU represents the continuum (only) absorption coefficient, and

" the variablc TAU reprcsents the optical depth along the ray of interest

(or the 60 degrec ray for a plane-parallel slab).

The fifth set of data is given either the title "CONTINUUM CONTRIBUTION
TO THE SPECTRAL FLUX" or "CONTINUUM CONTR1BUTION TO THE SPECTRAL INTENSITY"
depending on the typc of calculation being performed. The second row of the
title gives the normalized spatial station specified for the transport print-
out. The spectral points for the continuum are given in the first column.
The next three give the continuum transport quantities in the negative
direction (away from the wall). The spectral fluxes (or intensities) are
given first; then the integral of the spectral flux (or intensity) over
frequency is given as a function of frequency (each entry represents the
integral from the first frequency point to the current frequency point;
finally, the third column gives the same information &¢s the second, excapt
that its entries are normalized against the final value of the integruli
The information given in the last three columns is the same as in the three
just described, except that the transport quantities in the positiva direction
are considered. When KR(8) = 1, the spectral quantities are presented as. :

functions of wavelength instead of frequency. T

o The sixth set of data gives additional details about the line group
Ahd-the line transport calculation. For each line group the continuum
absorption coefiicients and the appropriate black body function at the
"average" frequency of the line group are given as a function of the spatial
points. The positive and negative continuum fluxes (or intensities) are
given at the specified spatial station. At each of the frequency points
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Girection is given at the hottom of the output block.

LR,

within the line group (frequency interval), the total (line+continuum)
absorption coefficients and optical depths are yiven as a function of spatial
points. The spectral flux (or intensity) is also given for each of the two

directions. Finally, an integral over the line group is given.

The seventh set of output data gives a summary of the line calculations.
The first column gives the line group index. The second and third columns
give the lower and upper frequency (or wavelength) boundaries for each line
group with labels NEG (lower) and POS (upper) assigned. The next two columns
give the spectral and total (frequency integrated over the line group)
contributions to the posiéive {(wall dirccted) component of the flux (or
‘intensity). In this output block, the spectral flux (or intensity) is an
artifice, defined as the total assigned to the line group divided by the
frequency increment assigned to the line qroup. These spectral output
quantities are meant to be used only for easy graphical display of the results
of the calculations and/or for its qualitative interpretation. The last two
columns give the épectral and line group integrated totals for the fluxes
(or intensities)” in the neoative direction (away from the: wall). The spectral
fluxes (or intensities) arc subject to the same considerations and restrictions
discussed previcusly for the poctitive spectral fluxes (or intensities).
Finaily, the total (summeé over line groups) flux (or intensity) in each

- e e e s
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P SECT1ON 4
SAMPLE CASES
Presented in this section are six sauple problems which were run on

a UNIVAC 1108. Thesc problems are relatively simple but do cxercise many
of the program options. For cach sample problem, the following is presented:

e A brief discussion of the nature of the problem and solution

S NS e i Yt ) e P2 R S P AP s B3 o

& A listing and/or description of the input deck

e A selected number of pages of the program output
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4.1 SAMPLE PROBLEM 1

A 20 group line model and 48 point continmium model are employed to
calculate the radiative flux emanating from a plane-parallel slab with the
thermodynamic coriditions (temperature, pressure, elemental composition) specified
across the layer. This conbination of elemental system (C-O-N~E ), the values
of the thermodynamic variables and cold black wall koundary conditions make the
calculation & reasonable rcpresentation of the thermal events occuring in the
inviscid flow region of a Venus entry body. The results of the calculation

are presented in terms of the frequency variable and in standard output

format.
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2
+

- 20
i 8 12, 35,146
- q' 10. 6;
- 0 3,3250 5,0171
;- 1
v 20, .
f 1y W76 ,62
: 8 2 34, 13,614
i 9, 5, 10,
5 20096 1,967 4,189
i ] 8000, L1415
i L Y] W71 »51
R 0 GROUND ST/TE
T . 0 GD STATE 4,03 4,29
i 0 GD STATE 8,0
P 0 EXCITED STATE
: D EX STATE 645 5,929
: 0 EX STATE 4,215
- 7 1 12, 29,605
: 9, Sy 1
: 4014 1,8989  4,0528
; 18,
: 1, W76 .62
! N+ GD STATEL (ESTIMATE)
; N+ GD STATE 5, S,
; N+ GD STATE 5, Se
; 4, 10, 6
H 0, 2,384 3,576
i a, 8000, ,867
: 4 167 )
¥ N N GROUND STATE
! N GD 5TATE 1,66 8,16
¢ N 6D STATE 8,
: N ST EX STATE 2,88398E 00
; M 1ST EX STATL 6,4 644
) N 1ST EX STATE 6,4
: N 2ND EX STATE 2.88398E 04
! 3111 2121
; 11 1 2121
N 6 1 1 2 2u, 376
i bi 12, 10,
- 0, S.32 9,28
; 12,47
; W 76 62
i Ce 187 EXCITED ST
P Ce IST EX SY 5,2 5,2
! C+ 187 EX 8% 5,2
¢ & 3 & 1, 11,20
¥ % Se {e
¢ 0, 1,2639 2,75
: 3,78 4900, 927
£ '™ s6l Jh2
§ C GROUND STATE
den € GD STATE 11, i,
i C GO STATE 4,58
4l C FIRSY EXCITED SYATE
Ty . € IST EX STATE {7, 17,
i C ST EX STATE ,2
b B C SECHND EXCITED STATE
a4 € 2ND EX STATE 22, 22,
@g§,< . © 2ND EX STATE 22,
e Ne+ NO 02 N2 CO H2 C2 ¢CN
i N2+ NO 02 N2 €O C2 CN C»
x 3
.
¥
A
i
by
Rl A "Z IS O rwim&z

'.u-“mﬂmmdm“ L
S

GILMORE
12, 10, 18,
16,8694 20,5797 23,135
0955 55 485
GILMORE
S. 3| ‘5.
9,144 9,519 10,74
1,0737w014
.3“ .2! Ia.’
4,16 6,0 9,0
54433 4,672 4,215
GILMORE
S' ls. ‘2.
5,8005 11,4356 18,4801
55 +59 85
s, 5, 5,
S, Se S,
GILNCRE :
‘8. 3“. qo.
10,45 11,88 13,
2.50 n0S
20 .22 3
9,106 ao, 16 16,8
8,33333t~01 1.32530F 05
6,4 6,8 - Y]

- -5

1.500C0F 00 1.17334E 05

®WILSUN AND NICOLET

2, b4
11,95 13,7
59 “¢9% 285
$,2 L 1% 5.2
WILSON AND NICOLET
] . 12. 1 'Y
40,1825 7,8358  7,9461
1,925 =05
o3 33 68
1, 10,8 9,55
17, 17, 16,
22, 2,

Ce

On

22,

He €3 081 Qe

INPUT - SAMPLE PROBLEM 1

04
54, 90,
25,938 26,833
fe42 Re
g
9, 40,
10,99 12,08
‘56 1.05
13,4 3
10, 10,
4,22 [
8,062 4,215
N¢
36, 60,
20,9555 23,2704
"02 A 2|
29,6 1
S S,
S, S,
N
1,
14,
9 1,6
14,5 b
16,1 16,1
1.20000E 01 2
6,4 6.4

1.08000E 01 3

1 213118,643E 00B,561E 008,045k 0064342k 005,375k 005.120E 003,189E 00 -
1 213127,4176=011,¢337E~031,3218=0224633E~038,432L0003,475Em=042,3706ER04

Ce
1.82 2,
19,03 2
5,2 5,2
¢
36,
8,6a42
‘l" ‘.6
11,26 i
8,7 7485
10,0 e
14, a4,0
8,54 3
22, 22,
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0,60 00
0,24 +01
0,77 +0}
0,1340¢02
0,80 400
043500401
0, 1045402
0,13804902
0 69 +00
0,2850+01
0,1007402
0, 1358002
S 6860 5 9 4

e T P A ARSI

B Fﬁf:??i-:

-

0,81 +0¢ 0,96 400 0,12 +01
0,34 01 0,40 +01  G.02 +04
0,1045402  0,1080¢02 01170402
. 0,1380402 0,00 +00 0,00 +00
0,95 +00 0,12 ¢01 0,14 +04
0,00 +061 0,60 +01 0,80 +01
0,1080402  0,1170+02 0, 1210402
0,1450402 0,00 ¢0& 2,00 +00
0,59 +00 0,1050401  0,1290401
0,3700401 0, ‘5000401 0, T7110401
0,1062402 G, 1120402 0,1190402
0,1420402 +
§ 1 810 911 112 7 e a4
T 685 L1960
03930 168590 oaaoo
1 0,689 L1597
L1340 .11000 zoaoo
023 0,.7525 00149
23540 .84400 ouono
LA570 L85200 206870
.25 0,875 0,0366
L4b eaa 1570
229 0,9158 0,00047
.25 0,9304 0,0253
+25 0, '965 0.0262
.46 991 ,0805
,6120 1,01900 L03290
25 1,0355 0,0735
,3540 1. 08280 1ooao
LUt 1,098 1a90
,46 1,132 12010
04020 1,16300 147100
3610 §,22400 oaaso
025 1,2610 0,118
: 25 1,3190 0,1A833
23470 1,3¢600 zoaoo
N1 1,338 9130
»25 1,3677 0,0387
+25 1,4380 0,256
s 346 1,467 49500
$2910 1,48700 104050
»25 1,5527 0,0030
L6 1,594 1,0300
+25 1,6630 0,0923
La6 1,767 (0226
03780 1,81400 400390
025 1.5357 0,00566
U6 2,015 0 0258
+25 z.vzs ‘040070
J46 3,000 10100
T 3.167 .ooeze
' 25 3,4724 0,00861
NTY 3,714 otﬂ3
.3‘50 i 5.00200 |°67b°
¢ 3150 6,42000 L07290
13390 7,01300 201410
3610 7.,07800 407400
s 25 07,811 0,0634
¢ 3230 7,48100 +10500
13260 7,71700 (00534
6260 7472100 .03610
V9570 Ts 192700 120300
48400 a 03000 ooa57
1 7520 6 19100 .osxbo

0,14 +0%
0,80 40}
0,1210+02
0,00 +00
0,16 +01
0,90 +01
0,1280¢02
0,00 +00
0,1460401
0,84004018
0,1243902
' +

0,162 +01
0,86 ¢01
0,1280¢02
0, 00 +00
o. 401
1 oo +01
0,1340¢02
0,00 +00
0, 1550001
0,94 +014
130&002
+

,1100220 6,

23210220 3.

1670-‘9 b, [
16390=17  8,0000
4460=20 .
4190-20 3

1000*20 «,0000 «, 0000
3800-20 4, .
13670-20 \
I390~21 ’
13870-19 2, .
3670 19 4, []

3090-\9 2,
2050 =18 2,

3310-20 1 .
3200-20 8,

SHGO-ZO

3670120

1060-20 “40000 », 0000
zbao-ao *w, 0000 -.oooo
3120-20 N (]
.96“0-21 .
1350-?0 3.

3420-20

.29’0—20 (]
8200=21 3, e
«8650=21

.axao-ao 0000 ", 0000
.2930'19 ]

W 7090=21

19580021 s

.27)0-19 3.
'3500“9 s'

2930019 Se (]
12750089 34
(1060m19 3y '
(810020 2, .
15200720
A520m19 3¢ .
11100=19
11130020 #0000 #0000
.snso-zo g 0000 =y 0000
(5000220  =,0000 »y 0000
abao-eo 0000 -.0000
.9120-21
48730021 #0000 -.0000
.2aoo =19 », 0000 », 0000
,1090+18  =,0000 »y0000
s2080e21 =, 0000 », 0000
,6900ni8  =,0000 -.0000
.:300-17 =, 0000 “, 0000

. INPUT - SAMPLE PROBLEM 1
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c 1 - 4229 13,11900 « 37900 ¢1010w20 w0000
N 2 v25 13,190 0,0439 4299049
N 2 ¢ 25 13,508 0,0291 ¢6960w18
N 7 225 13,543 0,1610 29500~23
c 2 «1610 13,60100 «29500 e 159021 w0000
N 1 125 13,677 0,0957 0 2930=19
N { 225 ) 13,993 0,0584 05320=49
. N 1 25 14,169 0,0302 2796019
N i :25 14,257 0,0212 1 2680wlB
N 1 125 14,332 0,0138 2437018
48
0,02 0,1t 0,2 0,5 046 0,8
- 1,00 1,50 2,00 . 2.% 2,75 3,0
3,25 © 3,50 3,75 4,0 4,5 5.0
6,00 7,00 8,00 0,450 8,52 8,98
. 9,00 9,19 9,21 9,99 10,01 10,79
10,84 11,00 11,25 11,27 11,99 12,01
12,18 12,20 12,98 13,00 13,39 13,41
13,59 13,6 14,29 14,34 14,55 15,00
100250101135400000000 VENUS RADIATION FLUX
0110000000 50000, 201 +00001 1.
23 $201
4
& CARBON 12,0481
7 NITROGEN 14,008
B OXYGEN 16,0
99 ELLCTRON 0,0005%
1006 JANAF 03/61
17088646 13550045 4Uu433+1 228125=3 #409830¢6 49287042 500, 3000,1
17088646 (3550045 4.2212+1 261908«3 262088b6+7 49287042 3000, 500041
1007 JANAF 03/061)
11296546 {34370¢5 4Be94u+y 3BIS16=4 9S58460+¢5 4B090C+2 S00, 3000,1
11296546 13437095 4PB957+1 2408UlUwtauy 727146 4B0%00+2 1900, S000,¢
foo0a JAMAF 06762
596590+5 1352205 497220841 38076L0w5 15474945 50095042 S00, 3000.1
59559045 135220+% 6574B9+{n224268w3nBY 78247 S00960¢2 3000, 500043
1 6 1 8 JANAF 9=30wb%
L =260169+5 22356945 B0BT3I>41 2B152T7=3m33212446 65369942 S00 30001
w26416%¢5 22356745 B85923+4 582009#4~124951¢7 653699¢2 3000 6000%
e 1 JANAF 9930#45
0¢0 221649¢S 791097+¢) 319649=3a3 029546 637650¢2 S00 3000}
040 221649¢5 87823641 -68 B30wla 19262+7 63765042 3000 60001
8 JANAF 9w30=65
0¢0 23445945 B80B690¢) 097028=7242932¢6 67972942 500 30001
040 234459¢5 100924¢2 6366T77-4=659192¢7 67972942 3000 60001
f 6 v 17 JANAF {2*31=66
11099946 23247945 706810641 99U45BG=3+1072U4346 66976042 S00 3000}
110999¢6 232479495 126220¢2=4756067=3n184680¢8 66976042 3000 600014
1 6 2 8 JANAF 9«30«p5
«94053945 36534945 13529642 AT79B23~3«865470+6 7984802 500 30001
94053945 36534945 {U4bBY+2 §T76547=3=1300622+7 79848042 3000 60001
2 b JANAF 12/69 K8
20022346 24677945 7760301 6T71194=3 208014406 685590+¢2 300 3000%
20022346 24677945 BU3IT60+Y 4ATHIUSY 259636+6 68559042 3000 60008
Y 6 JANAF 12769 KS
19599946 30957945 996626+ 9TLUTR=3Iw16829946 81235942 300 30001
- 195999456 309H79¢5 §2950542 166809=3=516560¢7 81235942 3000 60001
1007 o1 o8 JANAF 06/63
21580045 22700045 677623¢1 B99031~4~T789656+6 6BAUIO+2 SO0, 3000.1
21580045 22700045 936260¢1 657085~5=2123%19¢7 68849042 3000, 500041
. 199 JANAF 3w3iaps
0+0 13422945 496B00*1 000000~0=700991=3 164589¢2 %00 3000}
040 §3422945 42679941 0000000 236%03~0 16458942 3000 6000}
1 8 99 JANAF 6e30%6%
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1 6 { 8 ~f 99 { INVAIR LPHe122 12/61 co+
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1 2.3 4 5 6 7 8 919
10 10 . }
0,. L0 .05 . "Zs .o . .?.50 |315 N .500
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22676, . 40893 - s 7134 :
; : 12676 0193 (713 f
H Co 12676 . 10193 W 71314 o
: i 02676 . L0193, T3} i
s 12676 00193, (7134 : ’ !
: 12676 0193 WT134 -
: iab7b «0193 7134 : . .
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4.2 SAMPLE PROBLEM 2

This sample problem is identical to the first sample problem, except that
the resnits are presented in the extensive output format. The input data decks
are identical except for the following changes:

Sample Problem 1 Sample Problem 2

KR(17) = 0 KR(17) = 1
NiC = 10 NIC =1
NICN(I) = 1,2,3,...10 NICN(L)j= 1

which must be made to implement this option. The first set of continuum output
includes black body emissive powers (B), continium absorption coefficients (FMU)
and optical depths of the 60 degree ray (TAU) as ¢ funcciiun of frequency (HV)

and for each spatial point across the layer. The second set of continuum output
summarizes the flux values at the spatial position (y/8 = 0) specified for print-
out. The next set of output data gives the line transport at the spatial point
specified for print-out. Finally, a line radiation summary is presented. Recall
that the spectral flux presented in this output block is an artifice, defined

as the frequency integrated flux assigned to the line group divided by the
frequency increment assigned to the linc group.
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4.3 SAMPLE PROBLEM 3

This sample proklem is identical to Sample Problem 2, except the wave-
length was selected for the independent output variable in place of the frequency.
Note that wavelength begins with a maximum value then decreases. The input deck
is identical to that used for Sample Case 2 except for the following change.

; Sample Problem 2 Sample Problem 3
KR(8) = 0 KR(8) =1
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4.4 SAMPLE PROBLEM 4

the .patial points were selected
except for the following changes:

Sample Problem 1

. ‘KR(4)= 0
NIC = 10
NICN(I) = 1,2,3, ...

-

for output. Th

10

which must be made to implement these options.

TABLE 4.1
COMPUTING TIMES

This sample problem is also identical to the first sample problem, except
that the equivalent width approximation was employed and only some (six} of

e input data decks are identical

Sample Problem 4

KR(4) = 3
NIC = 6
NICN(I) = 1,3,4,6,8,10

The computing time requirements

are summarized in Table 4.1, below for a UNIVAC 1108 machine.

L e sy e BT SN AN ST e L e TP 28 B TR BT ST A I M I a0, ATt B AT epeN e T e e

Time
. (Sec)
Computation Sample l Sample
Case 1 Casc 4
<chemistry 3.994 3.994
!
% Continuur Radiation 3.782 3.782
Line Radiation 82.343 7.082
{ Total 20.119 14.858
Do
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4.5 SAMPIE PROBLEM 5
This sample problem was selected to i:lustrate the use of the 12zZ=l

option in calculating transport in the hydrogen rich atmospheres. A complete

input deck is presented for the C-il-O-N clemental system and for a uniform
The continuum absorption

slab at 10000 °k and 1 atmospherc pressura.
coefficients with and without the addition of the far wings of the hydrogen

lines are shown in Figure 4.1. For this case, the cffect can be appreciable.
Note that only the true continuum exists within the frequency increments
defining those line groups which contain the special hydrogen lines (there

are two such line grcups which are adjacent in the region of 2 ev).
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FIGURE 4.1 EFFECT OF HYDROGER FAR WINGS ON THE CONTINUUM
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4.6 SAMPLE PROBLEM 6

This cample problem s identical to the fifth sample except that the
equivalernt width approximation is employed. The innut decks are identical

except ftor the following change:
Sample Problem 5 Sample Problem 6
KR(4)=0 KR(4)=3
which must be made to implement the equivalent width option. The computing
time requircments are sumnarized in Table 4.2, below for a UNIVAC 1108
machine.
TABLE 4.2
COMPUTING TIMES
Eo
| ,
: Time
! (sec)
Computation Sample Sample
Case 5 Case 6
Chemistry 6.411 6.354
Continuum RrRadiation 5.786 5.713
Line Radiation 110.446 9.452
Total 122.643 21.519
]
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SECTION 5

OPERATING PROCEDURES

This program is written in FORTRAN V source language.

It has been run
in the UNIVAC 1108, the CDC 6400, 6C00 and 7600.

It easily fits within the
66K core capacity of the 1108 computer; consequently, an overlay procedure is

usually not required for uncoupled applications. When the program is to be

used as a subroutine in coupled flow-ficld applications, an efficient overlay
is easily devised, as shown in Figure 5-1.

Card input is on unit M and output is on unit N where M and N are defined
as 5 and 6 in the main routine.

No scratch tapes or other input/output devices
are needed.

A control deck setup is shown in Figure 5-2 for the DNIVAC 1108. Cow-
piled decks are «ften obtained from tape storage as shown in the figure. Drum
storage ic also commonly used for this machine and would require a deck sctup

which is quite similiar to that shown.

A control deck setup for the CDC 6600 is shown in Figure 5-~3.
case the compiled decks arc obtained from files.
tape input is quite similiar to tha. shown,

In this
Again, the deck setup, for
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SECTION 6

ERROR MESSAGES

This program has a number of internal consistency checks which must be
satisfied before it will allow calculations to proceed. In addition, there
are a number of internal iterativc calculations which must be successfully
completed before the program will allow the calculations to proceed. Whenever
the program enc unters an inconsistency or is unable to obtain an iterative
solution, it wi_1 print out an error message and execute a prcgram stop. Each
of the error messages is presented on the following pages, accompanied by the
name of the subroutine which prints it out plus a descriptive comment. These
should enable the user to correct many of the more common mistakes which tie
author has encountered in the use of the progranm.
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LRIOR ™Mb SSAGE
BAD rult Capl
SUHRQUTIRE
NULE?
COMMEMTY
THE IwDEX IN THE =Lk CALL LIST nAS BEEw ASSIGNED AN
INAPEROFRIATE valLul,

ERROR Mt SSAGE

BAD PHASE KUMBERIuG FOR (BANE)
SUAR,IILE

INPUT

COAMEAT
THE LAMED SPECIL A3 A 3AD THERNMOCHEISTRY CARD,

ERAUWM PESSAGE .
CHEN)ISTRY FAILED TGO CoiveeGE
SUBROVT Ik
tauiIL
CuMnEn Tt
THE PRIMARY JTERATIOL LOOP Tl THE CHEDISTRY (ALCULAYING FAILLED YO

COMVERGE,

CRROR -t SSAGE
*axdaCONTLAULM FRED AT £9,3 1S OUuT OF SLOQDENCEr2%x4A
SUBROITIH{
HADIN
COMMENT
THE CULTINULUM FREGUESMCY PULLETS UBTAINED FROM INPUY ARE MOT
IN SFWUENTIAL ORLEP,

ERRUR MESSANLLE

NDATA QELK rAS T8 Twlt 13,0 Y9I I8 6
SUBRO IAF

EWulL

Cunrp s
THE YUSPER OF BASE 3PLCICS (0% ELEELTS) [UPIYT T0 THE

CHEMISTRY CALCULATION EXCLEDS Trk DIt RSHION LIN]T,

ERRUR MF SSAGL

DATA DLEK HAS I3 I+NIVIGUAL LEVELS=DINENSTON LIMIT OF 30
SUBROUTICE

RAD1N

COMMENT
THE NUMBER UF INDIVIDUAL RADIATING LEVILLS INPUT TO THL

RADIATION CALCULATION FXCEENS TrE DIMEUSION LIMIT,

ERROR MESSAGE
DATA DELLK HAS I3 LYV'ES, LIMIY I8 200
SUBROUTINL
RADIN
COHAENT
THE NUMRER OF SPECTIRAL LINES INPUY TD THE RADIATIOM CALCULATION
EACEEDE TrE DIMENSION 11Y,

ERROR MESSAGE
DATA DECK HA® I3 RADIATING SPECLFS=DINCHSION LIMIT QF >0
SUSRNDUTINE
. .RADIN
CHMMEMNY
THE NUMBER UF SPFCICS Ih THE RADRIATILG GPECIES ARKRAY
EXCEEDS Tt DIWMF.3IUN LIMIT, Thh ARRKAY 1nCLUOES ALL THE
SPECIES STTH CONTINUUM DaYTa IHPUT PLUY ALL THE SPECIES WITH
T HOLECUL AR RADIATTION 1iPUT TO THIS DECK PLUS ELECTRNNS,
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TN 2 e et s

ERRCR dL3Sane
HATY ELE HAS I3 SPEC U S=2L 1411 18 4n
SsigrivaT] L
AN
Cryert s
Tes b ARE 100 #ALY SPLOLES 1)l (0 irt TeiNISTRY
CALLL ATTN,

ERRIW P SSAGH
taa b ATh Y COaTToaty FRUG PAGLakan

MHIETRIRERS
"Anlgn

COvEaT
Yol HAaveE «f TIVATED ToF ok TTlanw e lCH ,t PUIRES Trnl Tnf
COLt Cntgr TWE Aftraar{y e THE o Thoain b Pl Ui N0Y G,
1T CHEORED THE GUIT S Blisinds, F o yh, PrUSLE*Y, THAT 17
SHIRYLY EXTE%D 10 HMLGHER fRE S0l wCIES.

ERRIR #f SSAGE
PrEWHE LCY GRID 1TENATION DID a1 CObvl RSE
SURNGT Yt
FRe N
COMt T
SUBRUYUTISE FREQ wAS LuaabLE TO O8TATH A LINE FREQuUELCY GRID,.

ERROAR AFSSAGE
GROUP 13 HAS 13 LILES~LI*1T 15 (3%,
SHERIUTLI.E
Ranls
CUIMENT
THERE ARE YOO MALY LINES AS3TGIED TO THE NAMED LINE GROUP,

ERROR MESCAGE
FARAKG{]T=2 CAI-MLT nt UatD ntubrans
DADIN
COIugENY
YUU CANGET REGUYIE 1047 THE (Dot FROLLD »TTHOUT A CHEMISTRY
SULUTIOH UNLESS YO GIVE IT A VENPERATURL 10 wURK nITH,

ERRDOR MFSEAGE -

axkal I COHTER FRiQ AT £9,3 13 QUT OF SCAUENCEA%A#
SUBROUTING

RANIN
CUMMNE:N

THE LINEFS IM THE TH2UT DECK ARE HOT PRUOPERLY URDERLD.

ERRNA MESSAGE
ea k&L INE CENTER T 0OF GROUP FREQUENCY KANGEwwR%
SUBRNUTIKE
RADI
COMGENT.
A LINE HAS BEEN ASSIGNED TN A GROUP YMERE THU CENTER
FREWUEMCY UF THE LIHE FALLS DUTSIDE (% VHE sOuNDS OF Tdk
GROUP,

ERROR HESSAGLE

®AxxLICN(L) HUST FO.1 SUR REFLEGCTING WALLSxenx
SURRQUTINF

DADIN
coMment

THIS IS A RENUIREMENT OF THE CODE,
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ERRIIR At SSant
THE IA THPEX IADICATLS A SPLCIAL HYDRUALES LIHE IN GROUP 13 NONE
®A3 FiUNY
sparGuT e
reite
COMvEMT
SUSFTHIEG 18 wRONDG wITH YUUR | INE ASSIGNMENTS IN THE 1INPUT DECK,

ERRDOK MFSSAGE

ThERE akp TUD ANy SPECTaL HYDRUGEM LINLS IN ONE OF THE LINE GRODUPS

SUNCUTINE
“uLtke
Lot b T
YOU #AY ASSIGN A MAXINUM DF OAE SFECIAL nYDROGEN LIKE PER GROWP,

LRROR MESSAGL
aITh 177=1, YOUP F+vC VARLUES MUST RESULVE (ATITHIN L
EV) ThE KROUMDARIES OF 1niSF GROWPS wITd SPFCIAL o LINES,
SUBROULTIKE
RADIN
COMMENT
VIEW THE ROULDARIES NF Tof GROUPS CNNTAIMING SPECIAL ¢ LINES
AS FIINTS “HERE TrE CONTIAUUM URDERGIES DI6SCORTINUGUS CHANGES,
SHEE Ted ARJACEAT Livir GUIUES tAvE A COMON WOWINDARY A4D EACH
GRGUP CUVTATYS OMLY & SPLCTAL M LIME, THIS RULE DOES NOT APPLY
TO THE COn«yi. BuuNIARY,

ERRIIR NESSAGL
YO dAVE SLLECTFD (Nahg) AS RADIATING SPECIE 8dT OID NOT INPUT
THERMO) pDAYTA FCR 1T,
SUBROUTINE
RADTN
COMENT
YOUR RADIATINN AND CHEMISTRY Inp7 DECKS ARE NOT CONSISTENT,

ERROR MFSSAGE
YOU ARE TRYING 10 CONSTOER I3 SONMOLECULAR RADJIATING SPECIES,
THIS EXCEEDS TAF DInEwSION LIRIT OF 20,

SUBROUTINE
RADIN

CoMMENT
YOU HAVE INPUT TOO MANY SFECIFS In THE COMTINUUM RADJIATION
INPUT,

ERROR HESSAGE
YUUR DATA GECK )S TwCOUSISTENT, LINES wERE ASSIGNED TO SPECIES
A4 BUT KDOT CONTIHUUM LATA,
SUBROUTINE
RADIN
COMMENT
YOUR DATA IH THE RADIATIOM DATA DECK IS NUV SELF=CONSISTENT,
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SECTION 7

CODE DESCRIT'TION

7.1 OVERVIEW
The RAD/EQUIL code performs four nearly autonomous functions. These
are tne following:
1. It obtains basic radiation property data, viz. frequency grid, line
group properties and absorption coecfficient data.

2. It obtains the properties of the radiating layer, viz. its size,
spatial grid, racdiation bcundary conditions and thermodynamic

property distribution across the layer,
3. It calculates continuum transport.

4. It calculates line transport.

The code performs these functions through the use of three primary computational ‘

modules. A complete listing is given in the appendix.

The first module performs function 2. with Subroutines NODEN {calculates
partition functions and number densities) and EQUIL (obtains iterative solutions
to the equilibrium chemistry relations and, when required, the shock jump condi-
tions) being the primary computational elements. When the RAD/EQUIL program
is to be used by itself, Subroutine DADIN is used to read in the remaining data
requirec to define the properties of the layer and also to drive the calcula-
tions. When the RAD/EQUIL program is to be employed as a subprogram to a flow
field procedure, DADIN is usually eliminated, with its functions being performed

by the flow field code. ‘
The seccnd module calculates continuum transport and is driven by Sub- '

routine CONTN2. 1Its most important elements are Subroutines MU (calculates

continuum absorption coefficients), TRANS3 (calculates optical depths and spec-

tral fluxes or intensities) and CONTN2 (drives the calculation and performs

frequency integration to cbtain total transport quantities). When the IZZ = 1

option is employed, the far wings of the special hydrogen lines are treated as

continuum components. The necessary absorption coefficients are obrained from

Subroutines MULE2 and GF.
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The third module calculates the line correction to be added to the con-
tinuum transport and is driven by Subroutine LINT2. Its most important ele-
ments are Subroutine FREQ (sets up the nodal grid in frequency), ISLDV/SLOPQ/OGLE
(performs integraticns and interpolations within FREQ), MU (calculates continuum
components of the absorption coefficients), MUT.E2 (calculates line component of
the absorption coefficients), GF (provides interpolations for MULE2), TRANS3
{calculates optical depths and spectral fluxes or intensities) and LINT2 (drives
the calculation and performs a frequency integration to obtain transport quanti-
ties). The line corrections are obtained by taking the difference between the
combined (line + continuum) transpcrt quantities and they continuum transport
guantities evaluted at the "average" frequency of the line group. This calcula-

tion is also done in Subroutine LINT2.

7.2 PRIMARY SCRATCII ARRAY

A large array named AM (123 x 123) appears in common NONCOM. Numerous
smaller arrays are equivalenced into this array throughout the program, as
shown in Figure 7-1. While the AM array must be available during the execution
of the RAD/EQUIL program, only temporary Aata is stored within it, so that the
core space can be released at the end of each radiation transport calculation

and used for other purposes.
7.3 SUBPROGRAM DESCRIPTIONS

CONTN2

This subroutine orgyanizes and drives the continuum calculation and inte-
grates the spectral transport quantities to obtain frequency integrated totals.
when 122 = 1, subroutine MULE2 is called to include the far wing contributions
of the special hydrogen lines.

DADIN

This subroutine reads in case data, viz. that data which defines the
thermodynamic state of the slab or ray being considered. It also checks the
frequency grid (when appropriate;} and performs the shock wave standoff distance
calculation {when appropriate) and drives the chemistry calculation for the
program when it is not used as a subprogram.

EQUIL

This subroutine obtains an iterative solution to the equations governing
chemical equilibrium. When required, the shock jump relations can be solved as
part of the system in place of the relations assigning the energy and pressure
of the system,
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This logical function evaluates the error function.

FREQ

This subroutine calculates the nodal points in frequency used in the

finite differernce evaluation of the line transport equations, - i

GF

This subroutine performs interpolations as a special service to Subrou-
tine MULEZ.

INPUT

This subroutine reads in the caemistry input package.

ISLDV

This is a general service subroutine. It is essentially the same as

SLOP) except that the logarithms of the dependent variables are fitted to ob-
tain the slopes and integrals rather than the dependent variables directly.

The resulting slopes and integrals are ihose of the function, however.

LINT2

This subroutine organizes and drives the line calculation and integrates
the spectral transport quantities to obtain frequency integrated totals. It
has separate logical blocks t¢ perform finite difference calculations and/or

equivalent width calculations.

MAIN
This is the main program. It defines the input/output devices and drives
the calculation when the code ies used alone. i

MU

This subroutine evaluates the continuum components of the absorption
coefficients. Three general classes of absorbing transitions are considered -
Biberman and Norman, individual cross sections and molecular species. The first -
two classes of transitions can be activated, modified or eliminated in a general
_manner throughk the normal prugram input; whercas modifications to the molecular

'3pgcies—txansitions require modifications to the source deck.
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MULE2

This subroutine calculates the line components of the absorption coeffi-
cients. There are two logical blocks contained within the subroutina. When
the first logical block is entered, the subroutine calculates line strengths
and the parts of the line shapes which are not functions of fraquency and stores
them for subsequent use. When the second logical block is entered, the fre-
quency part of the absorption coefficient is calculated, allowing the final re-
sult to be returned to the calling program.

NODEN

This subroutine calculates the number densities and the partition func-
tions of the radiating species.

SUBROUTINE OGLE

This is a acneral service subroutine. G3Given a single function of an in-~
dependent variable, it will obtain intermediate points by cubic interpolation.

SUBROUTINE RADIN

This =svhroutine reads in data decks A and B, identifies the species in
the various arrays, tests the data deck for self-consistency, sets up the flegs
which will be used in the calculational subroutines,.and writes out the output
block defining the radiation boundary conditions.

SLOPQ

This is a general service subroutine. Given a single function of an in-
dependent. variable, it will calculate slopes and/or integrals of the function.
Cubic: are used as interpolation functions.

TRANSJ3

This subroutine evaluates the sperctral transport quantities using the
finite difference relations. The quantities evaluated include optical depths
and positive and negative fluxes (or intensities).

100

- ’ ' T OBty

v ST

ATRE o - OB T D) ST b ot R AW damara V ads amanat ard €




T
e 255

.

. :
E

MﬁmﬁﬁﬂWuwﬂ@wVﬁ( - =

k3
e,
A% P

*

SECTION 8

IPORTRAN VARIABLES LIST

Two lists of Fortran variables are giv2n. The first was selected from
those variables which appear in the primary logical blocks of the program.
The sccond list represents the scratch arrays which includes many variables
used to form the influence coefficients for -oupling to flow field codes which
employ the Newton-Raphson procedure. 1In both cases the following format is
used:

Variable Variable Variable
Name Use Location

where the Variab1e~Location is described by either L Name (local variable in

Subroutine "Name"), or by C Namel (¢ommon variable in Common Block Namel), or
by ALL which means that the variable has the given meaning whenever it appears.
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s

A(N'NN)

ACH
ACM
ACN
ACO
ACe
AC3

AETA

AHM
ARV
AHVL
Ahe
AL
ALF
ALPH

ALPHI
AH
AND
AN2
ANZP
AOM
AQ2
ASI0
AQ
AQ
ATA
ATB
ATC
ADwAS
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PARTIAL NERIVATIVE OF FUUATION N WRT VARITABLE NN, USED C EQyCcom

IN CheEPlgTky 1TERATION

NUMBL K DENSITY OF Ce
HUMHKER DENSITY OF CN
NUMBER DENSITY i CO
NUMBtR DENSITY OF C2

NUMBER DENSIYY OF (3

FIRST HALF OF A T«D PART ALPHANUMERIC NAME OF THE SPECIES

IN THE RADIATVING SPLCIFS ARRAY

NUMBER DIUNSITY OF He

WALL FMITYANCE FOR THE CONTINUUM RADIATION
WALL EMITTANCF VOR THE LINE RADIATION

NUMBER DENSITY OF M

CONSTANTS ASSIGMED TN EACH (OF SPECIAL H LINES
COORDINATE STRETCHING PRARMETER (NUT ACTIVE)

NORMALIZED FREGUENCY USED AS INDLPENDENT FREGUENCY
VARIABLE TO DEFINE LYMAN ALPHA LINE

GRAM ATOMS PER UNIT MASS OF AN EWEMENT
PRIMARY SCRATCH ARRAY

NUMBER DENSITY 0F NO

NUMBER DENSITY LF N2

NUMBER DENSITY (F N2+

NUMBER DENSITY OF Ow

NUMBER DENSITY 0F 02

NUMBER DENSITY OF 810

FAOTON ENERGY NORMALIZED BY KT

PHOTON ENERGY NNRMALIZED BY KT

NOT ACTIVE

NOT ACTIVE

NOT ACTIVE

COEFFICTIENTS USED TO EVALUATE THE EXPUNENTIAL INTEGRAL

LINE $HAPE FUNCTION (AS IT APPEARS IN EGUATION 42
0OF REF, 1)
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My
Mu
My
MU

MU
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CUINTHM

My

RAD
RAD

MU
FREG
CONTNR
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MULEZ

EQUIL f
NONCOM

My

MU i
MU Co
MU |

iy
MU C
CONTN2 '
LINT2 i
EQPCOM .
EQFCOM
EQPCOM
MULE?
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BLCF

REE

BLEOB
BEEOY
BEEW
BEEW
BITA

BETA

BETS

BRACE
C(x)
CASE
B
cc3
CEp

COLFaA
COEFB
CFIL

“FIL

ce
CPE
CPF
CPG
CPpP
cs

Css

c1
c1

PLAMCR FUNECTIOL FOR IMTERSITY CALCULATIONS, BLAGLK BODY
EMISSIVE POwt k FOR FLUX CALCUH ATINNS

PLANCR pIINCTION SUR TNTENSTTY CALCULATIONS, BLACK BODY
EHISSIVE POWER FOR FLUX CALCULATIDNS

BEE EVALUATED AT UGUTER BOUNDARY
BEE EVALUATED AT OQUTER BOUNDARY
BEF EVALUATED AT THE WALL

BFE EVALUATED AT THE WALL

ALPHANUMERIC NAMES OF ATOHIC AND IUNIC RADIATING SPECIES

NURMALIZED FHLRUESEY USEC AS INDEPENDENT FREQUENCY
VARIABLE TO DEFINE LYMAN BEYA LINE

SFCOMD HALF OF A TWD PARY AL PHANMUMERIC NAME OF THE
SPECIES IM THE RADIATING SPECIES ARRAY

NOT ACTIVE

GRAM ATOMS OF FLEMENT K IN A MOLFCULE,
ALFHANUMERIC NAME OF CASE BEING RUN
LOCALLY DEFINED VARIABLE

NOT ACTIVE

FREOGUENCIES Ui 0,1,2,3,4,6,8,50 LV ahfRE THE LOW FREGUENCY

THEGRY OF BIBEKMAN AND WORMAN IS EVALUAYED
CORRECTICN CORFFICIENT F1:OM INPUT
CORRECTION COEFFICIENT FROM INPUT

TOTAL, DISTANCE IN FREQUENCY SPACE COVLRED BY LINLS
(SUMMED QVER (INE GROUP)

TOTAL DISTANCE IN FRFQUENCY SPACE COVFRED BY LINES
(SUMMED OVEK LINE GROUP)

SAME AS CPF

EQUILIBRIUM SPECIFIC KEAT OF SYSTEM

FROZEN SfoIFIC HEAT FOk FACH SPECIE CAL/MOLE DEG.K
FROZEN SPéCIFIC HEAT OF SYSTEM « PM PRODUCY
DERIVITIVE OF MOLAR CP OF FACh SFLCIE WRT TEMPERATURE

CONTINUUM CRDSGS SCCTIONS FROM BIBLERMANS THEOR. OHTAINED
BY INTERPOLATING BETWEEN CGS8 VALuLa3 WHICH wWikE INPUY

CONTINUUM CROSS SECTIUNS#10#+18 AT FIXED FREQUENLIES
OBTAIMED FROM TNPUT .

C126,29E~20

r~ r .~

O

r [ IS el

-

- - 0o o r o

L

81 FOR UNIFORM CONDITIONS, NOTmg FOR MONUNIFORM CUNDITIONS C

CONY N

LINTZ

COnTNZ
LINT2
CONTN 2
LINT2
DADIN
MuLE e

CONTM

EQUII
INPUT
RAD
muLt?
LINT2
MU

MU
My
FREQ

LINT

EQTCOM
EQUIL
EATCOM
£EQTCOM
E0UIL
My

my

"y
Ran
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ca
CAMP

DBM

DCN
DCo
pee
Dc3
Dtl.

DELTYA
DLN
pHe
0InM

pIe

DIS

oIV
pive
DNO
DN2
DN2P
DOM
DSIU
DSK
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2 DLLTA § 97 [RTEuST.Y CALCULATION, = 2#DELTA FUR FLUX
CALLULATIUN

NOT O ACTIVE
NOT ACTIVE

NOT ACTIVE

S0 IF A FULL SEY OF KNkw DATA I3 TO Bt READ, ROT =9, IF
ONLY THERMUODYRAMIC AND PATH LENGIM DATA IS TO 8E READ IN

=0 KHEN A NEW CASE FOLLUWS, =1 FOR LAST CASE
DAMPING FACTOR

CONTRIBUTION TO THFE ARSORPTION FROM THE BIOERMAN AND
NORMAM TRANSITIUNS,

CONTRIRUTION TO THE ABSORPTION COFFFICIENY FROM CN
CONTRIBUTION TU ASSURPTION COFFFiCIENY FRUM CO
CONTRIBUTION Y0 ABSORPTION COEFFICIENT FROM C2
CONTRIWUTION TO ABSORPTION COEFFICIENT FROM C3

NORMALTIZED FREUGUENCY USED AS INDEPENDENY FREGQUENCY
VARIAYLE TN DEFINE BALMER ALPHA LINE

PATH LINGTH PARAMETER DESCRIBED IN THE INPUT SECTION
LUCALLY DEFINED VARIABLE
CONTRIASUTION TO ABSURPYION CORFFICTIENT FROM H2

THE DIFFEREMNCE BETWEEN FITMT AHND THE CURRFSPONDING
CONTINUUM FLUX (OR INTENSITY)

THE DIFFERENCE BETWEFN FIIPY AMD THE CORRESPONDING
CONTINUUM FLUX (NR INTENSITY)

CONTRIBUTION TO THE ABSORPTION COEFFIGIENT FRUM INDIVIDUAL

LEVELS (PHOTOIUNIZATION)

ROW NORMALIZING #ACTOR IN GAUSSIAN ELIMINATION,
PRODUCT OF 1DIVY AND ELEMENY OF ROW,

CONTRIBUTION TO THE ABSORPTION COEFFICIFENT FROM NO
CONTRISUTION 7O THE ABSORPTIUN COLFFICIFENT FROM N2
CONTRIRUTION Ti) THE ARSORPTION COEFFICYENT FROM N2+
LOG OF MOLE FRACTION OF €EaCH SPECIF

CONTRINUTION YO THE ABSORPTION COEFFICIENT FROM S1U
PARTIAL DERJVATIVE OF EQUATION WRY THE GROWTH FACTOR

T (EQ 23 IN AEROYHERM WEPORT 73=85,),..USED IN NEWTON
RAPHSON ITERATION TU ESTARLISH LINE GROUP FREQUENCIES
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RiLD

LINT?
LINT2
LinTe
RAD

RAD
EQuUIL
My

Hu
xu
MU
L1
MULER2

RAD
1iLE2
LY
LINT2

LINTR2

MU

RERAY
RERAY
MU

L1V

My
EQUIL
MY
FREQ
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PERY

T PTG

ANl e 1 m

R e TR T

e i

-

RN

UL, P L Y AR el

5
;

Dyue2
tubl
OITEY
DURS
DUD
byM

oxY(1,Jd)

DY
DY
)

s
(NN

CFe
L
EMSH
LMSBL
EMSH
CMSHL
EMT
ENL
EPC
LPS
ERF
EXP_-
CXPN
£l
£10
FANOA

L InPuY
LOLALLY INPUT VARIABLES, IF NDN=ZER() ASSIGKED 10 YITMOL, L INPUI
BASHUL, SIGMA 20D EPOVRK, HESPICTIVELY L Isnry?

L InPU
LOCALLY DEf INFD VARIABLE L EaQuIL
LOCALLY DEFINFD VARIABLE ALL
PARYIAL DERIVAYIVES OF TNFRUNDYNAKIC VARIABLES 1 rRY L EQUIL

THERMODPYNARIC VARIARLES J, wHERE TR VARIADLLS In THE 1
ST ARE LHT LEPH, LEP L LNP2,10 P30 as ALL PARTIAL PELSSURE
OF AL (HOT JUST BASE) SPECIES, THE J VARIABLES ARE
H'P}K’ l'\?lK}l .o A&L‘ “ENTAL HASS ' IMCTiUNSg

DY(I) = YY(Y¢1)=YY(T) t
NOT ACTIVE C
ERRNRS IN CHEMISTRY FQUATIONS (MASS BALANCE ERRORS FCR M [
EQUAL TO OR LESS THAN I89x, EQUILIBRIUM ERNORS FOR N GREATER

THAN IS4, WHERF IS« 1S RUMBER OF ELEMENTS INCLUDING ELEC~
TRUN)

NOT ACTIVE C EQTCOM
FIXED ARRAY UF FREQUENCIFS MEASURED FROM THE L MU
PHOTOION1ZATION YHRESHOLDS,¢40,1,2/8,6,8,10,20,

L MULE2
NOT ACTIVE C EQTCOM
NOT CURRENTLY USED L DADIN
NOT CURRENTLY USED L DADIN
SAME AS AMV L DADIN
SAME AS AHVL . DADIN
NEGATIVE EMISSIVITY OF THE LAYER (EQUATION 65 OF REF, 1) L TRANS
MAXIMUM W, °3 BALANCE ERROR
LOCALLY DEFINED VARIABLE L M
ELECTRONIC ENERGY LEVEL (EV) C RAD
ERROR FUNCTION FUNCTION
EXPONENTIAL FUNCTION FUNCTION
TEMPERATURN EXPONENT FOR STARK BROADENING (FRUM INPUT) . C LIME
EXPONENTIAL INTEGRAL ‘ L MULE2
£10% ,4342944823 ' L MULER
FIRST HALF OF ALPHANUMERIC NAME OF EQUILIWRIUM SPECIES C EQPCOM

109

CONTNZ
rQvCUn
£eTCONM

e e o et e s e

e i ¢ o p—————




e . ST o o o

FANKUB
FF

Fuy
FHVC
FHVYM
FHYVP
FHVS
FRVS
FHVSIN
FHVSe
F1In

FIINY

FILP

FIIPY

FIM

FIM

Fiul
FINO

FIP

Fie

FIPI
FlrO
Fl
FiLa
FLG

110

SECOND HALF OF ALPHANUMERIC NAMF 0OF LDUXLIBR;UH SQECIES C FGPCOM

F KUMBER (F 1KLCIVIDUAL LINE IF AN UNLUYPFD LOWER LEVEL { RAD

IS USED, GTHERw]ISE IT = G(I)*F/GEECL) wHERE 6(T) 18 THF

STATISYICAL T GF THE ABSURBING LEVEL AND GEE(L) I8 Tht

STATISTICAL WY OF THF ZOMBINED LEVEL USED IN THE

CALCULATION .

MEAN FREGUENCY OF LINC GROUP C RAD

FREQUENCY OF A CONTINUUN SPECTRAL POINT C RAD

LOKER FREQUENCY LIMIT OF LINE GROUP C RAD

UPPER FREBUEXCY LIMIT OF LINE GROUP C RAD

VALUES UF LIME FREQUENCIES WITHIN LINE GROUPS L FREQ

VALUES OF LIME FREQUENCIES w1THIN LINE SROUPS L LINT2

FHVSIN = 1,/FHvS L NULER

FHVS2 = FHVSAFHVS L MULE2

INTEGRAL OVER THE SPECTRUM OF THE FLUX (OR INTENSITY) L CONTN2

DIRECTED AWAY FRIDM THE WALL

THE YOTAL C(LINE AND CONTINUUM) FLUX (OR INTENSITY) L LINT2

ASSIGNED TO A PARTICULAR LINE GROUP AND DIRECTED AWAY FROM

THE WALL

INTEGRLL. OVFR YHE SPECTRUM OF THE FLUX (OR INTENSITY) L CUNTN2

DIRECTED TUWARD THE WalLl

THE YOTAL (LINE AND CONTINUUM) FLUX COR INTEMSITY) L LINTZ

ASSIGNED YO A PARTICULAR LINE GRUUP AND DIRECTED TOWARD

THE wALL

DIFFERENCE BETXEEN THE CONTINUUM SPECTRAL FLUX L CONTN2

(OR INTENSITY) DIRECTED AWAY FROM THE WALL AND BEE

DIFFERENCE RETWEEN THE CONTINUUM SFECTRAL FLUX L LINT2

(OR INTENSITY) GIRECTED AWAY FROM THE WALL AND BEE

NOY ACTIVE C RAD

THE SPECTRAL INTEGRAL OF REE FROM O TO THE cunaent C RAD

FREQUENCY (USCD IN CONTN2)

DIFFERENCE BETWEEN THE CONTINUUM SPECTRAL FLUX L CONTN2

(OR INTENSITY) DIRECTED TOWARD THE WALL AND BEE

DIFFERENCE BETWEEN THE CONTINUUN SPECTRAL FLUX L LINT2

(OR INTENSITY) DIRECTED TOWARD THE WALL AND BEE

NOT ACTIVE C RAD

NOT ACTIVE L CONTN2

a1 FOR INTENSITY CALC,s 2 FOR FLUX CALC C RAD

SAME AS FL1 € RAD

s0 FOR NORMAL PRINT=OUT, NOTa0 FOR EXTENSIVE PRINT=0UY C RAD
I | I — . ,
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tLGY
FHMU

FMU

FR
FRM
FX
FO

FOINV
Fe
GAM
GAM

GAMJJI
GAHP
GAHPS
GAR
GEE
GELG
Gu
GIL

GMAX
GOR
Gup

HCH
HEAD
MH
Ul
HOS
H8

=0 *NR THIFNSTTY CALC, MOT=0 FOR FLUX (81 C

CONTINUUM ARSNAPYI . COEFFICIENT (1/CH) DR MASS
ABSUEPTION COLEFICTILRT(E{12)Y GE §)

COUNTINUUN AuSNFPTILON CAEFFICIERT (1/7CH) DR MASS
ABSORPTIION CUOSEEICEEMT(RE(IS) GF 3)

SPECIES MOLE FRACTION
THE SAME AS FJI¥
GRCATH FACT 2 GYvEN IN F0 23 OF ALRUGTHERM REPURT 7iw6S

FOZ (1,252RF=9)a(nFxa b0bbO666LT), WhERE NE = N() DENSIVY
OF ELECTROXNS

FOINV=1,/F0
LOCALLY DEFINED &kRAY
ISENTROPIC ExPURMLNT,

LORINTZ HALF »107H AT HALF INTENSITY (CREATED IN MULEZ,
BUT EQUIVALENCED IKTO YHE AN SCRATCH AKKAY)

GAMJIJI = GAN(JIJI, 1)

HALF LINE BRLDTH PER ELECTYRUON AT 10,000 DEG K

LINF HALH WIDTH VALUE USED 1O FSTABLISH FREWUENCY GRID
LINE STRETCHING PARAMETER (DUFINED BY Lo, 7)1, REF 1)
STATISYICAL WEIGHYIS OF ABSORBING (LUOAER) LLVELS

NOT ACTIVE

FUNCTION USED IN EVALUATION OF HALF wIDTH UF SPECIAL W
LINES

NU MAX AS DEFINFD BY ER 23 OF AEROTHERM REPORT 7385
FREQUENCY INCREMENT BE TWEEN LINE CENTER AND ADJACENT NODE

A CUEFFICIENT FOR RESONANCE RROADENING FROM HUNY AND
SI1AULKIN

SYSTEM ENTHALPY CAL/GH

CNAMBER (OR STAONATION) ENTHALPY
ALPHANUMERIC HEADINGS FOR PRINT OUT PURPOSES
ENTHALPY OF MIXTURE (BTU/LB)

HOLAR ENTHALPY FOR EACH SPECIE

PHA ENTHALPY (DR ENTROPY) FOR EACH OPECIE
ENTHALPY UPSTREAM NF SHOCKWAVE (BTU/LD)

I _— - Ce e -
n I! I“' L i it il il O

C RAC

L COnTHZ
L LINTZ

C Am
L. CONIN
L FRLQ

L mMuLye

t. MULES
L MULE?2

L EQUIL

L. MULER
€ RaD

L FREG

L FREQ

C RAD

L MULEZ2
. EQUIL
L FREG

L FREQ
{. FREQ
C LINE

L EQUIL
L EQUIL
L LINTZ
C RADCOM
€ EQTCLHM
I EQUIL
C RADCOM
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HTM
HY

HVD
H¥G

HVL
HVTY

HV3

Ia

c(k)

ICH

I1CON

10X
1
1END
16

11
1

118

1J

IK
ILK

IM(K)
1Ml
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KRTH(1)=1 8, 1nTH(2)=1, ,HTR(T)=KTIM(]=2) L EQUIL

CUMTINUUM BRFGQUESCY POINT L h
LOCALLY DEFINFD VARIABLLE L hu
TRANSITTION FREQUENCY BETYEEN RIBERMAN AND NORPANS Tw) L MU
LOCW FREGUENCY FORMULAS, FRODN INPUT,

FREQUENCY OF AN IHNDIVIDUAL. LINE CEKTER € LINE
PHOTOTONIZATION THRESHOLD FRERUENCIES FRNM INPUT L NU
HVIZHVAEY®RHY L MU

INDEX USED FIIR MANY ARRAYS

LINL GROUP INDEX FUOR SPFCIAL H LINES AS DESCRIHED IN THE  C LINE
INPUT SECTION

NEGATIVE IHDEX CF fLFMENT CORRESPONDING TO KTH BASE L INPUY
SPECItLS

1CH IS THE INDEX ¢ THF SPECIE IN THE (niMISTRY ARRAY L Wy
WHICH HAS AN INDLX JI IN THE ARRAY UF RaApRIATING

SPECIES

KHEN 1CONZO, CHEMISYRY ITERAYION IS CONVERGEDs WHEN ICUN L FQUIL
21,)CHEMISTRY TTERATION 18 IN PROGRESS

CORE PACKING INDEX YO CONVERY 3=D ARRAEY TD 2=D ARRAY L LINTZ
ANDLX ON LINLS STARTING v1T1H FIROT LINE IN DECK L LINTZ
t0CALLY DEFIMED INDEX L MULE?
ELININAT,ON INDEX JIN BASE SPLCIES-LLEMENY CORRESPONDENCE L INPUT
LuGle,

LOCALLY DEFINED VARIABLE ALL

INDEX ON THE GROUND STATES OF THE LEVELS SITH INpIVICOLAL C CONTHM
PHOTQIONTZATINN CRNISS SECTIONS ASSIGNEDR, FOR EXAMPLE

LEY JJaTIL(1Y 5 THEN THE ARSORQING LEVeL FOR THF F1RST
PHOTOIONIZATION TRANSITION MAS AN ENERGY OF EPS(JJ). A

STATISTICAL »tIGHY OF GEE(JJ), EYC,

INDEX "M MOLFCULAR SPECIES CONTRIBUTION, 1TF T18(1)=0 C CONTH
THE cOLTRIBUTION FOR THe FIRST MOLECULAR SPECIES BUILT

INTG MU (E 6. NP4) IS NOT INCLUDED,IF 1IS(1)=), 1T 1S

1:CLUDED, 1I15(2) APPLIES Tu THE SELCOND MULECULAR SPECIE(ETC,

iNDEX UON THg, STORED VALULS OF XI USED AS CORRECTIUNS !N L MU
THE BIBERMAN AND NORMAN FORMULAS

INDEX OM THE ARSORBING LEVEL FOR THE LINE TRANSITION L MULER?

THE LINE TRANSITION 18 ASSIGNED TO THE ILK TH SPECIE L MuLe?

IN Tite RADIAYING SPECIES ARRAY

RON_AND COLUMN INDEX IN INVERSION OF C1J TO UM L InPUTY

LOCAL INDEX ) _ . INPUT
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M
IMg
IND

INDSHL

108N

10PY

10SL
1p

15

15DUM
15
Isnt
1sM2
1spP
15PL

15P2
ISP3
180

ISTARY
18X
15XP

LOCAL, INDEX L 14Uy
LOCTAL INDEX L INPLY
SPACE INDEX L E2UTL
INDEX N THFE SPECIAL N LINES RELATIVE Tn TuL STAAT OF THE C LINE

DECK, FoJds InDanl (1), TeE FIRST SPRELTAL M LINE IS ML
JJ TH MEMBER OF Tat LINES TH Tuk DATA DECK, INDSHL ()
REFERS 161 ThE SECONMD SPECTIAL & LINE.EIC,

INDEX NN THi RADIATING SPECIES wHICH ARE TO BE ASSIGNED C CONTH
CONMTRIBLYIIONS FROM IRE | On FREGOENCY BIBERNSAYT AND N(JRMAN

FURMULAS,  IF JJ=0EN(1), THEN THE FIRST SPLCIES ASSIGNED A
BIBERFAN AND NOR1AYN COMPONENT HAS A Z VAL UE OF £(JJ),

JOENC2) REFEFRS TO 1nF SECOMD SPECIE TH BL ASSIGNED A

BIBERMAN AND NOR:AN COMPONENTLETC,

I0PT=0 FOR FIRST ERUIL CA{L SO THAT ITERATIVE VALUES wlLL C SAVE
BE INITYIALIZLD

NOT ACTIVE L LINTZ
L EQUIL
NUMBER Of BASE SPECYIS IN CHEMISTRY SOLUTION ALL

THIS IS THE FIRST vEMuTR OF A FAMILY INDEX IN SUBRAUTINE C CONTH
MU, THUS JI=IS8(1) INNICATES THATY THE JJ TH MBI R OF THE
RADIATING SPLLCIES STARTS THE FIRST FAMILY, 1S5(2) REFLRS

TO THE SPECIF vit3CH STARTS TwE SECOND FauiLY,k1C,

1SDUMEIS L LINT2
184=15+1 ALL
1511=15w] L EQUIL
18M2=1 5.2 L EQUIL
159215+ ALL
Ir ISPLE1, MILE2 WILL LONK THROUGK THE LINES IN THE L MuLER

ADJACENT LINH GROUP FOR A SPECIAL H LINF, IF THERE IS
ONE THERE, 1T ~ILL INCLUDE ITS CUONTRIBUTIUN IN THE LINE
ABSORPTION CORFFICIENT, IF 1SPL=0,NO SEARCH wltL BE MADE,

I15PR=18+2 ALL
ISP3=18+3 L EQUIL
THIS IS THE AM INDEX ON THE SPFCIES WHICH HAVE C CONTH

INDIVINDUAL PHOTOTNNIZATION TRAWSITIONS, IF JJI=13S(1),
THEN THE FIRST SPELIF WITH AN INDIVIDUAL PHDTOIONIZATION
TRANSITINH 15 YHE JJ Tr MpHBER OF THE RADIATING SPRCIES,
1881(2) REFFRS YO THE SECOND SFECIFS wITH AN INDIVIDUAL
PHOTOZONIZATION TRANSITION ASSIGNED,LTC,

LOCALLY DEFIMED IMDEX : L MULE?
LOCALLY DEFINED INDEX L MULE?2
ISXPa]I8Xel B L TGN
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IS0 150=15 ALL

ITER COUN'ER FUR CHERISTRY TTERATILN L EGUIL
1x DERUG FL/G, . RERAY
1y INDFX (N SFACE KODE wHERE NUTPRT IS Tu &F PRINTED _ L Contag
Iy INDEX (N SPACF RIGE whERE NUIPUT IS TO BE PRINYED L LINT2
122 INDEX WHICH DETEMINFS THE METHOD USED TO HANGLE THE FAR € CONTH
WINGS OF H LINES
12 1221842 L EGUIL
J LUCAL INDEX L EQUIL
J LOCAL INDEX L s T
JDUM LINE INDFX L MuLE2
JHOLD INDEX UN THE SPECIAL W LINt CUTSIDE THE GROUP L MuLe2
JHY COUNTER USED IM CALCULATINN OF nBbAN OPACITIES~ ACTIVE L MU
ONLY WwHEN KR(1)=3
J1 INDEX ON MEMBERS OF THE RARIATING SPECIES ARKAY L kU
JI§ THIS INDEX GIVES THL CORPESPINOALCE BETWFEN THE SPECIFS C CONTH
IN THE RADIATING SPECIES ARKAY &AnD THE SPECILS In ThE
CHEMISTRY ArRAY, 1 JJ=J18(1), THE FIKST SPECIE IN
THE RADIATING SPELIES ARKAY 15 InE SAME AS IWE JJ TH
SPECIE IN YHF CHENISTRY ARRAY, JIS(2) KFFEWS TO THE
SECOND SPECIE IN THL RADIATING SPECIES AwRRAY,
JJ7 JIT=(JJm1) %7, WHLRE JJ 1S THE INDEX N THE SPECIAL K LINES L MULE2
(1 TO0 O
: JLy LOCALLY DLFINED INDEX i MULE2
f M Jel, WHERF 't IS BASE SPECIES COUNT, L INPUT
: JHp VARIABLE STATEMENY MUMBER FOR FURTRAN TRANSFERS I MULEZ
i Je LOCALLY DEFINED VARIABLE I EQUIL
; Js L EQUIL
% Js LINE INDEX COUNTING FROM FIRST LINE IN GROUP L LINTR
-{:’f Js LINE INDFX COUNTING FROM FIRST LINE IN GROUP L MULER
i Jt LOCAL INDEX L EQUIL
:g Jv LOCALLY DEFINED INDEX L MuLE?
gw vy LOCALLY DEFINFD INDEX L MULE2
: kK LINE GROUP INDEX L LINY2
KK LUCAL INDEX L INPUT
g KPHA(N) PMASE INDE)Y FUR A SPECIFS, 1s3GAS, 2=50L1n, 3sL1GQUID, L INPUY
H
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KF FLOW CONTRAL SUnag RS C INTCOM

KSP INDEX (O CURREMT LINL GROUP USER IN SUKROUTINE MULEY C LIME

KGPY INDEX OM THE LINE GuAUPS ARJACENT (AND RELOwW IN FREQUENCY) L MULER
TO THE LINL GRGUFS ~ITh THE SPLCIAL H LINES

KOuY OUTPUT UNIT C FGPCOM

Ko CHEMISTHY CONTROL WUFAFRS L DADIN

KR RADIATION COMTROL NUMARELRS C INTCUM

KS INDEX ON FIRST LIMF In GROUP TO B CONSIPERED L MULE?2

K1 INDEX 0N FIRST 14t IN GROUP TRANSMITIFD THROUGH COMMUN C LInt

K2 INDEX GN LAST LINE IN GRUUP TRANSMITTED THROUGH (GMMOM C LINE

L INDEX ON SURSROUP FRECUCNCIES COUNTING FRUM THE START L LINT2
OF THE LINEL GROUP

LN INDEX ON COLUMNS DUKING INVERSION . RERAY

(X LINE COUNT INDEX (FOR QUTPUT PURPOSES ONnLY) L LINT?2

LDEX NOT ACTIVE ALL

LK SURGROUP FREQUENCY INDIX COUNTING FROM THE START Of L LINY2
EACH LINE

LL LOCALLY DEFINED JhpEX ALL

LL(W) RO¥ INDEX OF PIVOT FOR NTH COLUMN L RERAY

LLA SHEN LLA=3, FREQUVEMCY APPrAKRS 1IN OUTPUY HEADIMGS, WHEN L LINTZ
LLA=S, HAVE LoWGTH APFEAKRS 1iv GUTPUT AEADINGS,

LLB WHEN L1 R=7, UNITS OF (EV) aRE PRINTED QUT, wHEN LLB=8, L LINTZ2
UNITS OF (M) aRE PRINTED DUT,

t.Le WHEN LLLC=13, FLUX UNITS ARE PRINTED OUT, ®HEN LLC=14, L LINTR
INTENSITY UNITS AR PRINTED OUT,

L WHEN LLLs11, UMNITS FOR THE ORDINARY ARSORPYION COEFFICIENT L LINTZ
ARE PRINTED NUT, WHEM LLL=9, UNITS FOR THE MASS ARSORPTION
COEFFICIENT ARE PRINTED hUT,

LLLEN) COLUMN INDEX OF PIVOT FOR NTH ROW L RERAY

.S INDEX USED 10 REARRANGE COLUMNS IN RERAY (SEE LAR) L RERAY

Ly INDEX OON SURGROUP FREQUENCIES COUNTING FROM FIRSY += tmwp | FREQ

i DESIGNATES INPUT UNIT ([,G,y TAPE) C INTCOM

M LOCAL INDEX L INPUT

MODE UNSUBSCRIPTED VALUE NF KG(l) C EQTCUM

MPJ LOCALLY DEFINED INDEX L LINTR

N TOYAL NUHBER_DF SPECILS IN CHEMISTRY SYSTEM C EOPCOM
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N
NALS

‘4BLP

NCRC
ND
NF

NF K

NHL IMNE
NHV
NHYDR
N1

NIC
N.UN

N1D

NTIHVC

NIK

NIKP -
NIL

NK

NLG
NLG
NLGY
NLG1
NM
NN
NNN
NOL
NP
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DESIGNATES OUTPOY INTT (F ,GepTAKE)
NONEBER OF ATO™IC FELEQYHROnTC LEvELS (SU4 DOvER ALL SPECIES)

HUMAER OF SEATIal NOLES ACPUSS THE RIOUSDARY LAYER (NO
MNECESSARILY LQital T wY)

NUT ACTIVE

INDEX ON GRQOUND LEVEL OF TRANSITION

INGEX WHICH KeCO20S saWICH OF TrE SPLCIA&Al H LLINES IS
PRE SENT Jh THE (CoxKRENY GROUP NEzl POR LYMAN ALPHA, 2
FOR LYYMAL RETa, £10,

NUBEER (IF SULRENNP Fip "UENCTES PRI LIt = 2ANFK4l
EXCERT FOR FUIRST ArD LAST LINE In GROUP,

SAFE AS NF EXCEPT THAY IV IS NOT SURSCRIPTED

NUKBFR OF LI GROUPS

ALPHAKUMERIC navE #OR K

YY THDEX WHEPE LINEL CODRDINATES AL EVALUATED

NUBBER OF SPATIAL POJLTS wHERE TRANSPURT IS PRINTED OUT
SPACE INDICIES wHEKF TRAKSPORY IS PRINTED QUT

NID = THE LIN CHELIFR EREGUESCIES OF THE SFRECTIAL H LINES
MULTIPLIED ®RY 3000 AND CUNVERTED TO A FIXED PUINT VARIABLE

TUTAL NUMBER OF CONTINUUM SPECTIRAL PDINTS

INDEX ON THE SUHGKROUF FREQUENCY COUNTING FROM THE
THE START OF ThE LIM

NIRFINIK+t

NUHBER OF IMDIVIDUAL PHOTOTONIZATION TRANSTTIUNS ASSIGNED
TO DATA DECK

THE NUMRER (F FRLUOUENCY POINTS ASSYIGMED TO EACH LINE
EQUALS 24«NK+1

THE SAME AS FLG EXCRPT THAT 1T IS A FIXED POINT VARIABLE
THE SAKE AS HFLG EXCEPT THAY 1T 1S A FIXED POINT VARIABLE
THE SAME AS FLGY [XCPPT THAT IT IS A FIXED POINT VARIABLE
THE SAME AS FLGY EXCERT THAT IT I8 A FIXeD POINT VARIABLE
NUMBER OF RO=S8 LESS ONE

NUMBER BY wHICH COLUMNS RXCEED ROWS IN PRINCIPAL ARRAY
NUMBER OF COLUMN VECTORS IN SECONDARY ARRAY

SAME AS XNOL

NUMBER OF COLUNMNS TN PRIMARY ARRAY,

™ © [} '] r~ (g} r

o

r

INTCU™
RAD

RAD

CUNTH
RAD

MyLe2

FREQ

MULEZ
RAD
MULE?
1LINt
RAD
RAD

MULEZ2

RAD

FREQ

FREQ

CONTHM
FREQ

CONTN2
LINT2 |
CONTN2
LINTR
RERAY
RERAY
RERAY
ouTPUT
RERAY ‘

3

A
= -
A o -:n.am'vl\'-ﬁ*-,‘luul‘“‘n: .




NPPL NUMBER OF FREGUENLCY POINTS PER LINE (SET T3 15) EXCEPY L LINTZ2
FORFIRST ALD [ AST LInE In FACH GRiup wWHICH HAVE QME EXTPRA,

NSEN :gMbLR OF BIBERrAN AnD KHORMAN SPECIES ASSIGHNED 10 DATA C CONTM
LK
NSHY HUMBER OF FREQUENRCY pOINTS PER LINF GROUP L LINT2
NSL NUMBFR NF STHNONG LLINFS I GROUR (SET T NUMBER (OF LINES L. LINT2
IN GROUP It THISL VERSIMMD)
NSPEC NUMBER (OF SPECITS CONSIOFRED Id CHEMISTRY CALCULATION C EQPCUM
MSP2 LSP2aNt? L FQUlL
NSTH NUMBER OF A10MIC AMD IONIC SPECIES ASSTGHED TO THE C CONTH

RALIATING SFECIES ARRAY=DOES MOT IHCLUCE POLECULES OR
ELECTRONS, 0 NEGATIVE TONS TF THLIR CORYTRIBUTIONS TO
THI. ABSORPIIOM CutbFICIFNYS ARE BUTILT INTO SUBROYTINE MY

f e

NT TOYAL NUMBER OF RADIATING SPFCIES 1N THE RADIATING C CONTM
SPECIES ARRAY
NY NUMBER OF LIMES IN EACH L INE GROUP C RAD
NX1 NUMBFR OF SPECIAL H LINES € LINE
NY NUHRCR OF Y/DELTA POIMTS C RAD
NYM NYH=NY=] ALL
NYP HYPPEMY+1 ALL
01} DEYICALLY THIN tLUN ASSIGRED 10 LINL /Z7RE0uU LoLinkye
INCKEHENT ASSIGULL YO LILE (PART OF EOUIVALENT wi1DTH LOGIC)
ouTe NOT ACTIVE ALL ;
ouTL NOT ACTIVE ALL
P SYSTEM PRESSURE ¢ ERTCON {
PC L EQUIL |
PCP LOCALLY DEFIMED VARIABLE L EQUIL i
PH L EQUIL ;
PHTY LOCALLY DEFINED VARIABLE L EQUIL g
PLN LOG OF SYSTENL PRESSURE L. EQUIL ;
PLP LOG OF PARTIAL PRESSURE OF EACH SPECIE . EQUIL i
PM PRESSURE HOLECULAR WETGHT PRODUCT C EQvCON §
PO LUCALLY DEFINFD VARIABLE . L EQUIL
POP POF¢TEMPERATURE = KT(IV) C RAD
PP PARTIAL PRESSURE OF THE SPUCIES C EQTCOM
PPYC L EQUIL
117 !
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Pk
PRLS
PT
PTAU
PTL
P1H
PHDH
QR

RA(N)

RE

RC(J,N)}

RDCJ N

FELJIeN)

RF
RFACT

RHO
RHS
RY

S5(N)
8Al
L11]
s8(J)
SHA
SHAS
SHB
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SYSTEM PRESSURE (ATM)

Pht SGURE (ATM)

LOCALLY DEFILEDN VARIABLE

LCCALLY DEFIMER VARIABLE

LOCALLY REFTHED VARIAWLE

HEY RADIATIVE FLUX(ETU/FTR2=SELC)

HEAT OF FORMATION OF MOCECULE AT 298 DEG K FROM JANAF BASE

STATE, CAL/BOLE, tNal (R 2 FOR LU« AND MIGH TRMPERATURE RaN=

GeSy RISPECYIVELY.

CURYE FIT CONSTALT FOR THEREODYHAMIC DATA (THE QUANTITY +3
PISCUSSED I GROUP o OF THPUT T+ STRULTIONS), N=y R 2 FOR
LG AND HIGH TEMPERAVURE RANGES,HESPECTIVEL

CLURVE FIT CNLGTIANY FOR THERMODYNAMTC DATA (THE QUANTITY F4
CISCUSSED I8 GACHP g4 OF THPUT IUSTRULTIONS),y t=g UOR 2 FOR
LU AND HIGH TEMPERATURE RANGES,RFSPECTIIVELY

CURYE FIY COMSTANY FOR THERMODYNAIIC DATa (THE QUANTITY 5
DLLLUSSED T oins® G GF 1nplY TeSITRUTTYLONGYy Nsy URo2 R

LOW AND HIGH Tt PEFATURE RANGES Rt SPECTIVILY.

FaD FLUX PRINTED = RaD FLUX ACTUAl /7 REACT .., U3ED AS
A CONVFRGANLE AJD FUR FLOW FIELD COUMLED CALCULATIONS

LOCALLY PEFINED VARIABLE

AN ARRAY USLD FOR LGCAL STORAGE IN MANY SUAROUTINES
LARGESY CONTRIRUTINN T0O TERM IN N TH CUM UMN

ERTROPY,

LINE SHAPE FOR THE INNER REGION OF  THE BALMER ALPHA LINE

DERIVATIVE OF SHA WRT DFL
LINE "SHAPE FUR THE INNER REGION UF  THE BALMLR BETA  LINE

—

L
L
L

[ B - |

-

L
L
L
c
c
L

EQUIL
RAD

EQuUIl
FouIL
EQUIL
EOUTL
MULE 2
HAIN
MULE P2
INPUT

ENPCOM

garcon

EQPCOn

t.OPCOMN

EWPLUN

RAD

| XTI AR
EQUIL.
taulit

EQUIL
RFERAY
EQUIL
FaTeOMm
EQTCOM
MULER2
MuLE2

MULER
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SHR
SHES
SH1

SK
St

SLa
SLAS
st.p
51.88
SL1

SLJJI
SM

sp

sP
o sPy

‘ SGRTFO
SARHOH

SR1

<
-~

838

: SUMH
SUMP
SUMS
SUMT’

‘;%vz" 'c:; . .

et

»
4.
e e ey AR LODAER e SN

e 1 A0

SVA
8va

_Mm’%&s«mﬂ e

u!'!" L e natdeird

LINE SHAPE #0WR T HE IMKER RLGIMN OF  THL HALMER BLYA  LINE
DERIVATIVE OF Subh wRT XI
SAME AS HS EXCLFT FUR UNTTS

ERROR IN THE FRENUENEY GRID FORMULA (FQ 23 OF AFROTHERM
REPORT 73=85) AL USED IN NEWTON RAPHSON [TERATION,

LINE STRENGTH CALCULATED IN MULE2 dUT BEQUIVALENCED INTUL
THE AM ARRARY

LINE SHAPE FOR THE INNER REGION OF  THE LLYMAN ALPH L INE
DERIVATIVE NF SLA wRT ALPH
LINE SHAPE FUR THE IMKFR RECTON 0OF  THE LYMAN 8ETA LINE
DERIVATIVE OF SLK WxRT BETA

STRUNG | INL FLUX ASSIGNED TO LINE/Z FREGUENCY INGREMENT
ASSIGNED 10 LINE ., (PART OF RHUIVALENY WIDTH LOGIC)

SLJJI=SL(JJ, 1)

HAXIERUM ALLOAED FREGUTHLY THCRENMENT FROM L INF CENTER IM
LOW FREQUEKEY LIRFOTION,  USED TO PLACE MUST REMOTFE
SUBGROUP FRELCUENCY POINT ASSIGNEL T THE LINE

FREQUEMNECY IMCREMILT ASSIGHNED T XUOL LIMES WITH AVERAGED
PROPERTItE Seeo (PART OF pGUIVAILEST wIDTH APHROXIMATIOND

FRUGUENECY TRIRUMENT ASSTIGNED TO LINE,, ((PART OF
EGUIVALENT wWipiH APPROXIMATIN)

MAXTMUM ALLNOYED FREQUENCY INCPEMENT FROM LIKE CENTFR IN
HIGH FREAUENCY DIRLCTION, USER YO PLACE MNST kEMOTE
SURGROUP FREWUENCY POINT ASSIGLHED TU YHE LINE
ELEMENTAL MASS FRACTIONS ‘

PRESSURE UPSTREAM™ OF SRUCKWAVE (ATH)

SGRYFO= FOxn,5

SQRWDHEWDHAL 5

DENSITY UPSTREAM OF SHDCKWAVE (L H/CUBLC FT)

LOCALLY DEFINED VARIABLE

LOCALLY DEFINED VARYABLE

LOCALLY DLFINED VARIABLE

LOCALLY DEFINED VARIARLE

LUCALLY DEFINED VARIARLE

L. MULER
MULE 2

tou

Ll N

FRID

MuLE e

MULE?

— -  oud

MULE2
L uuLEe
L LINT2

L MULE2
L FREQ
LLINT2
L LINTZ
¢ EQPCOM

L FREQ

C RADCOM

C RADCUM

I, MULER
rULER
RADCOM

L

c

L. Si.ore
L EGUIL
L

£QUIL

-~

EQUIL
L EQUIL
C EQTCOM
€ EQTCUM
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e o e i

SvC
SvD
svi
s1
§1

§2
S3

1
TA
TAL

TAU
TAU

TAU(K  KK)

TAUC

TAUT

18
iC
TEE

TERMY

TERME

TERMY

TERM4
TESY
THETA
TLEM
TLCP
TMSW

120

VELDCITY UPSTREAM OF SHUOCKHAV - (> 150

AOARRAY USEDR FOR LCCAL STORALE CONY SUBROUTINES
THE { I%F ARSHORPYION COFERFYCT: o
BUTLIONS DR 1D GVERLAPTING
DUCEDR Lo16810M

CULLUDTING THE CONTRI=
T wMND ACCOUNTING FOR INw

AN ARRAY USFL Fob LOCAL S$TURAGL IN MANY SUBRGUTINES
BETA PARAMETER FOR EUUTVA; LAY

ALROTHERM REPORT 73=R5

AI0TH Ot INED BY &0 40 OF

TEMPLRATURE DEG,k
(HALF) HALF WIDYH FOR CNHMON H LINES = Tas 18

CONTINUUN DPTICAL DEPTH ALONG THE RAY FOR JMTERSTITY
CALCULATION, ALGNG THE 60 DEG PAY FOR FLUX CALCULATION

CONTINUUM OPTICAL DEPTH ALNNG THE RAY FOR INTFASITY
CALCULATION, ALGHG THE 60 GEG RAY FOR FLUX CALCHLATIUR

INTFRMEDIATE ARRAY USED IH FORMING UM

NPYICAL DEPTH AT THF LINE CeMItKk FOR INIFNSITY CALCU=
LATIMON, TRICE THAT FOR A FLUX CALCULATINON

TOTAL (LINE ARD CONTINUUMY OPTICAL DEPTH FNR IHNTFNSITY
CALCULATIUN, TwlCE THAT FNR A FLUX CALCULATION

(HALF) HALF WIDTH FDR COMMON W LINES = TA% TB

TEMPERATURE (DEG. K)

FLUX (DR INTENSITY) COMPOMENT DUC 1D GAS PHASE EMISSION
(PARY OF EQUIVALENT WIDTH {0GIC),

CONTINUUM CORRECTION (POSITIVE DIRECTION), ABSORPTION
OF THE WaLL EMISSION BY GAS PoASE LINES (NEGATIVE
DIRECTION) ,40oPPART OF FQUIVALENT WIDTH LOGIC

CONTINUUKN CORRECTION TO FLUX (D INTENSITY) IN NEGATIVE
DIRECTIONGsoPART OF EQUIVA ENT wIDTH LOGIC

GAS PHASE ABSORPTION OF LTHE COMPONENT RuGLECTED OFF WALL
LOCALLY DEFINED VARIABLE

ANGLE OF SHOCKwAVE

LINE CORRECTION TO FLUX (OR INTENSITY) AWAY FROM WALL
LINE CORRECTION TO FLUX C(OR INYENSITY) TOWARD wALL
TRANSMITTANCE OF WALL AT CONTINUUM FREQUENCIES

- ™ O

(o BN « TN o IR o 2NN Sul aud

EQYCOM

EQTCUM

HULE

LINT2

EQPCUM
MiLE2

CONTN

EeuIL
LINTR

INPUY

FREQ

LINT

MULE?2
EQRTCOH
RAD

LINTR2

LINT2

LINTR2

LINT2
EQUIL
RADCOM
LINE
LINE
RAD

o e e
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e e

TGl

1MU
10n

TS
TSAVE
1580

T84

17
TTHRES
TUCd M)

TH

LB

11

n

T

12

T3

UGH

UH (K KK)
v

VA

ve

ve

vD

VE

VEE

VINT

VMK
VN(J)
VNUCJ ,K)

TRANSMITYANCE 0F wALL AT AVERAGEL FREDUEMCIES UF
LINL GROUPS

TOTAL (LINF AND CONTINUUMY) ABSORPTIION CUEFFICIENT

PEFECTIVEL BRIGHTIFSS TEMPFRATURE (PEG,L,K) (F THE NUTER
BOUNDARY

PHAGE CHANGF TEMPERATURE,

TS0 = TFEATFE
TEMPERATURE (pFG, ®)
THRESHOL D TEMPIRATURE FRMM INPULT

UPFER TEHPERATURE DF TrMPERATURE KANGF FOR INPUTTING

C RAD

L LINT2

I SAD

INPUY
EGUIL
EQUIL
MU E2
RADCOM

CUNTHM

'S T T = TR o o S S

ECGPCOM

THERMODYI' A IC PROGPERTY DATA FO SPECIES Jy Nzt QR 2 FOR

LOWER AND uPPER TEMPTRATURL RANGES, RLSPECTIVELY
WALL TEMPERATURE (REG, K)

TEMPERATURE IN UNITS OF KT(EV)

TEMPERATURE IN UNITS OF KT(EV)

TEMPERATURE IN UNITS OF KT(EV)

VERPERATURE LN BV tRT)

KT IN FRGS

TEE/Z10000

NORMALIZING FACTOR IN GAUSSIAN FLIMINATION,
MOLECULES OF BASF SPECIES K Th ELEMENT KK
LOCALLY DEFINED VARIABLE

LAOCALLY DEFINFO VARTARLE

LOCALLY DEFINED VARIABLES

LOCALLY DEFIMED VARIARLLS

LOUCALLY NLFIMNED VARIABLES

LOCALLY DEFINFD VARIABLES

P & 10%k(=h)
MEAN MOLECULAR WEIGHT OF MIXTURF
PARTIAL PRESSURE

C RAD

I CONTNZ
LINT2
MU
Wuite
MULER
MULE 2
INPUY

r © - - rm

INPUT
ALL

IMPUT
INPUT
INPUY
INPUY
INPUT

s - - & r

MULE2

I INPUT

C RADCOM
C LQPCOM

STOICHIOMETRIC COLFFICILNT NM K TH BASE oPECIES IN FURMA= ( EQPCOM
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A

Vi
v2
v3
vy

vs=vis

WALLF
HALLW
L1
WDH
HDHSO
Wi

WY
KTM(J)
X

XAPNU

XcH
XD
XF

XHY

X1

XIN

Xy
XIN

XION

X1e

X1POB
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T.ON OF J TH SPFCILES

LOCALLY OEFINED VAPIAMLE

LOCALLY DEFILER YakIARLE

LOTALLY nti INFND VARTANLE

LOCALLY DEFINFD VAR)AHLF

LOCALLY DFFINED VARIARLES

PARAMETER W LINU SHAPE OF SUFC1AL K LINES
LIME COVPONEST OF Tdb SPECTRLE FLUX AT wWALL
KILTH (I8 EV) OF THL LIKE COPEOLENT AT HALL
DOPPLER HALE WINTH AT HALF IThTinSivY
NORMALIZED VALUL OF CUKREMY § REDUENCY
ADHSASNDHA DR

MOLECULAKR ¥EICHT Of NIXTURE

*OLECULAR WEIGHT AS SUMRED,

MULECUYLAR WELIGHT Gt SPICIES

EQUIVALENT wIDTH PaRSHETER DHFINED BY tQ 39 OF AERNTHERM
REPORY 73=8%,

CONTINDUN ASORPTION COEFFICIENT URRECTED FNR INDUCED
ERISSION

CORTRIBUTINN TO THE ARBSURPYTIN. CUESFICIENT FRNM Ce
LOCALLY OEFINED VARIABLE

GRONTH FACTINR FOR LINE FREQUELECY NDDES (OEFINED BY
EQUATIOMNS A9 AND 70 OF REF 1)

CONTRIBUTION YO THE AQSORPYION COEFFICIENT FROM He

NORMALIZED FREQUENCY USED AS INDEPCNDRENT FRLQUENCY
VARIAHLE TO DEFIME BALMER RETZ  LINE

DIFFERENCE RETWEFM SPECTRAL FLUX (UK INTERSITY) AWAY FROM

THE wALL A°'D REE
FLUX (DR INTEHSITY) BOUNDARY COXDITION AY WALL

TEMPERATURE TNDFPENDENT FUNCTINN USED IN THE EVALUATION
UF THE CO CONTRIBUTIUN TO THE ARSORPTIION COEFFICIENT,

JONIZATION FHERGY OF THE SPECIFCEV) FRUA INPUT

DIFFERENCE BETAEEN FLUX (OR INTFNSITY) TOWARD THE
WALL AND BEE

FLUX (DR INTENSITY) BOUMNARY CONDITION AT OUTER BOUNDAR 0

ALL

ALL

ALL

ALL

ALL

L
L
L
L
L
L
¢
L
c
t

-

HULE?2
LINT2
LIKRTZ
HULE?2
MULE2
MuLte
tarcon
INPUT
EOFCON
LINTR

LeyIL

a11]

MY
SLOPG
FREG

MU
HuLea

LINT2

LINT2
Hu

CUNTM
LINT2

JeNT2

T AN A N SH NN S Lad I s




Rt e S

XIs STANFD VALLE rt TRE RIBERMAN ANG NORMAN XT CORRECTION C CONTM
FACTOR,FRUM TuPUY

XJH CONTINUUM FLUX (Of IMTENSITY) LEAVING RALL AND IMCLUDING L CONTN2
REFLECTED AND EMITTED COMPONENTS
XJul LINE FLUX (CR INTERSTTY) LEAVING WALL AND INCLUDING L CONTMZ
REFLFCTED AND EMITTED CUMFONFATS

XLAM WAVE LENGIH (MITRONS) . L MU

XLANR LADENBURG=RETCHE FUNETION L LINT2

XMOL 21 MOLECULAR COLTRIBUTIUMS 10 THE ARSURPTION CURFF ARE € RAD
oo INCLUDED, =0 ThHEY AKF %67 INCLUDED
XNOL WEIGHT FACTGR 10 Ft APPLIED YO THE COMYRIBUTION GF A LINE € LINE
< TO ACLOUNT FM® THE CONTRIEUTIOMS OF OTHER LINES Tk
IGENTICAL PRUPLFYIES, wHICH &Rt ALSU WITHIN THE LINE GROyUP
é XNN MUMBER DENSTTIES OF RADJATING SPECIES C LINE
% XOM CONYRIGUTION T0 THE ABSORPTION CNEFEICIENT FROM Um L MU
. X017 LCCALLY DEFIMED VARIABLE L 5L0PQ
: X0TY LOCALLY DEFIMED VARIAELE L SLOPG
§ XP NUMBER DFNSITY OF ABSOPSING LEVFL OF LINE TRANSITION L MULE2
% XQ ELECTRONIC PARTITION FUNCTIGN C A
% X10 LOCALLY OEFINED VARIABLE L sLoPa :
§ XTT LOCALLY DEFIMED VARIARLE L SLOPQ :
g XX HeNUZKT L HU !
: XXN NUMBER DENSITIES OF RADIATING SPECIES (LUPLICATE MEANING) € LINE :
! Y NOT ACTIVE ¢ FaPCOM :
E ye INITIAL VALUE OF Y(J) L INPUT :
g - INt ALOGCVINT) L INPUT ;
g vs LOCALLY DEFINED VARIABLF L SLOPQ %
b YN NOT ACTIVE ¢ EGPCOM :

woo VALUES OF Y/DELTA POINTS T RAD é
P - z CHARGE UN THE RESIDUAL JUN,fROM INPUT C CONTH 3

' 22 202 Ly
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APPENDIX

PROGRAM LISTING
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SUBROUTINE CONTNZ
COMMUMN/CONTM/ZZAZ(910),122

CQMMON/EQPCUHISFZZ(ZBX)'ISDUH,SPZZ(70),?DUH15P23(“60)'TDUM,
§ SPZu{208),VN(6C),VNUG(60,8)

COMMON/INTCOM/KRE20) ,KO(10) ,KF (10D ,MoN
COMMON/ZLINE ZHVL. 7200) . K1,K2, TLCH(25), TLLP(25),

$ NI, YNOL(200),6UP(200),EXPN(200) e X (e} UG, INDSHL(§2)
2,5€200),55(200),52(25)

NXI,JA(9) RADINY

COMMON/NONCOH/ZAM(123,123)
COMMON/OUTCOM/LDEX(3)

COH"UN/RAD/AHV(SO).AHVL(BS)pC!cCZ,C],CﬂoCS,DELYA;EPS(lbO).PF(ZDO): RAD
lFHV(éS)pFHVC(SO)pPHVM(ZS)oPHVP(ZS)oFI"l(25)¢F1PI(253cFLI'FLZoFLB¢ RAD
2FLG3 ,GAMP(200) ,GLE(160), NAES;NBLP,ND(200) NIC,NICN(2 RAD
35)'NIHVC,NHV¢NU(85).NY,PRCS(BOJ,TEL(ZO)odOL(ZS),XHDL'

4 YOELTvYY(EO)cCASE(15)91"SN(50)pT“9ﬁL(25):TﬂoTUB ’
SWRAD,RFACT,POP

DIMENSION FHU(ZD):TAU(EO).BFE(ZO)'EM(ZO)rEP!EO)'FIM(ZO)oFIP(ZO);FiRADCLOZ

1"0(20)7F1PU{20),?ll"iZO)pFIIP(ZO),DY'!O)

DIMENSION 0QUTC(123,1),0UTL(323,1)
DIMENSION HEAD(S)

DIMENSION

i pSLC123,1) » DA(1I?3,1) pxD(123,1) o+ AB(123,1)

2 nIM(§R3,1) o AT(123,1) HD(123,1) » GAM(323,%)

3 DLXQ(123,1) o AFT(123,1) ABE($23,1) » BFTC123,1)

q SLI123:1) ., BRG(123,1) AIG(123,1) 4 ATT(123,1) .

5 TCN(123,58) AINCIR23,1) o AC(123,1) o AMT(323,1)

6 XNN(122,1) » XQ(3123,1)

EQUIVALENCE

| (DSLC1)AMC1Y) (DACL), AM(104)) (DWD (L) AMI2461))

(AB(1),AM(2687)) , (WIM(3),AM(4921)) CAT(1),aM(4941))
(NDC1)eAM(4961)) » (GAM(1),AN(49B1)) (DLXQC1) AM(S001)),
CAFTC3),AM(5024)) o (ABE(1),A4(S270)) (BFT(1),aM(7381)),
(SLCL),AN(T7401)) , (BRGUL),AMLTE01)) (AIG(L1),AM(B671))
CATT(1),AM(R69)) (TCN(I):‘N(101“7))0(AIN(!);AH(IZbTO)).
(ACC1) (AM(12610)) ¢ (AMTCL),AM(12630)) (XNNCL) ,AM(9964)),
(XGC3),AM(10004))
r(UUTC(l’olM(SOE!))'(0UTL(1)0AM(95$2))

OO VNN

EQUIVALENCE (FMUCL) P AMCTE212), (TAUCL), AM(T7544)Y, (REECL)AM(T66T))
| o(EH(l)vAM(779°))o(EP(l)caﬂ(79llJ’a(Fl"(l)pﬁﬁ(BGib)’o
2 (FlP(l)cAH(O‘Sq))O(Flﬂo(l)pAH(GEGZ’)'(Fxpo(l,olﬂ(BQOS))

EQUIVALENCE (FTIM(1),FIMIC1)3, (FIIP(3),FIPIC1))
EQUIVALENCE (DYC3),EMCE))
DATA HEAD/SH HV ,6HLAMDA 16H (EV) ,6H (MUY o3H EV,IN W/
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100 FORMAT(AMOFMU,/,(SE20,0))

101 FORMAT(2HOL,/,(%E20,6))

102 FORNAT(UMOTAU,/, (5E20,6))

103 FORMAT(//1X,uHdvs ,E14,6)

108 FORMAT (2X,F1043¢ 1319.2)

109 FORMAT (2X,Fl0,3,4%, 13£9,2)

110 FORMAT (2X,H10,3,6(E10,2¢ F£9,2))

$11 FURMAT(1H1,41%, 4 3HCONTINUUM CONTRIBUTION TO THE SPECTRAL FLUX,/, CONTNOS

156X, 8HY/DELTAS £9,2) co
§12 FORMAT(INO, 80, 3X, GHIMINUS,6X,16HPARTIAL SPECTYRAL4X,
LLTHANORMALIZED IHINUS,3XsSHIPLUS, 60X, {6HPARTIAL SPECTRAL,3X, CONTNOQ

216HNORMALIZED JPLUS,/Z,1H ,ABpLLH (WATTS/CH2,3X,

I1BHINTEGRAL OF IHINUS,hxrieHCQNTRIHUTIUN'SXo10H(NATYS/CH2a3Xo
GITHINTLGRAL OF IPLUS,SX¢12HCONTRTIHUTION,/Z,9X,UHSTER)AZ) 1K) 4X,
SLOM(WATTS/ZCH2=STERS y6X, 15H(PERCENT TOTAL) »3X,GHSTER)A3, 1H) 14X,
6 6H(WATTS/CM2-STER) pHX, {HH(PERCENT TUTAL))

113 FURVAT(FB,4, £13,3, 16,3, E£21.3, E14,3, E€17,3, £20,3) CONT
116 FORBATOIHO, Abs3X,6HQMINUS,6X, J6HPARTIAL SPECTRAL,4X, CONTNOY
{1 7THNURMALTZED QMINUS#3X,S5HUPLUS»6Xy §6HPARTIAL SPELTRAL,3X, CONTNO9
216HNURMALTIZED QPLUS,Zs 1M ,Abs 9H  (KATTS/,5X,
I{BHINTEGRAL OF QMINUS,6X,{ PHCONTHIBUTION,4X, TH(WAYTS/,5X, CONTNLO

G THINTEGRAL UF CPLUS,SXs §2HCONTRIBUTION, /¢ 10XsSHCM2 A3 1H) ¢ TX,
SLIH{HATTS/CM2) 18X, {HH(PERCENT TOTAL) p4X»3HCM2oA301H) 0 TX,

6ILHIWATTS/CMAY , TX,\“HIPERCENT TOTAL))
125 FORMAT({H]pu] X, 0EHCONTINUUN CONTRIBUTION TO THi SPECTRAL INTENSITYRADCL O3S

$0/77/70 1% YIHNURMALIZED /83Xy 12HPATH LENGTH=,E13,3,5E19,3) RADCLO36
225 FORMAT(1X,/,) 5Xs2HKV, RADCLOS/
254Xy 12HIMINUS/ZIPLUSS /08X s GHIEV) » 47Xy §9H(AATTE /CH2-EVRSTER) RADCLO38

2 /.Iax' i 1SHIm.-.---.---------ul.--u----.----«--q-I--q--..--..---.-RADCLOSQ
SQ-I-.....-Q---—----—-I--n------.--cu-.--x----.----.-.u.--—-! ,) RADCLOU4O

126 FORMAT(1HI 01X, 4BHCONTIMULY CONTRIBUTION TO THE SPECTRAL INTENSITYRADCLO4Y

§r/777¢ 1Y PARNUENALTZIED L 71Y 1 2HPATH LENGTHZ, 41X, 1289,2) RADCLO4?
226 FORMAT(LIX,/ 5Xs2HHY, RADCL 043
251X, J2HININUS/IPLUS, /¢ UXp 4HEEV) p U7X, JOH(WATTS/CH2=EV=STER) /) RADCLO4Y
130 FORMAT(//s51X)2THEREQUENCY IMTEGRATED VALUES,//,12Xp6(E30,2¢ E9,2
13
§131 FORMAT (//,51X,2THFREQUENCY INTEGRATED VALUES,/7/7,32X, 13€9,2) RADCLO
132 FCRMAT (16X, 13£9.2)
135 FORMAT(1H1,01%,43HCONTINUUM CONTRIBUTION 10 THE SPECTRAL FLUX RADCLO4B
L4744 ,1%, 1LHNORMALTIZED ,/1X,12HPATH LENGTHZ E13,3,5E19,3) RADCL 049
235 FORMAT(1X,/, 5K, 2HHV, RADCLOSO
ZSlX,lZHQHINUS/QPLUS'/,“x;uﬁ(EV)'qqx0luN(NATTS/CHE’EV) RADCL(SY
Ce/ ‘dx' 1 {9N] ---.-.-v.-..---.--lq.-c.--.-.--.-----lw-....u--.-.--..RADcL(\SZ
3..]»---.:¢..---.-.--.‘-u-n-¢-.¢.~-..uo~~]-ntooono¢-onhcoouc] ) RAVDCLOS3
136 FURMATUINE 41X, qa3RCONTINUUN CONTRIBRUTIUN TO THE SPECTRAL FLUX RADCLO%4
19777 )8%p 1 LHNORHALIZED ,/1X) 1 2HPATH LENGTHE, §X, §3E9,2) ~ RADCLOSS
236 FORMAYTC 1X,/, SX,2HHY, RADCLOS6
251X, 12HOMINUS/GPLUS 7, 4X, GH(EV) 49X, J4HCHATTS/CHZ=EV) /) RADCLOST
1225 FORMAT(1X,/, SXy2HNL, RADCLOSS
251X, 12HIMINUS/IPLUS, /4% 4H( AY,4TX, 19H(NATTS/CM2~ A®STER) RADCLOS59

a' 'y ‘Zx' 1193 mresrsunanncnavese ] everssneonnvasnevrncanencnernnoveneeRADCLOAGD
3."p...------n--..---I--.-..-..---------I---------w--------l P ) RADCL OO}

1226 FDRMAT(IX,/, SX,2HWL RADCLOG2

251X, 12HIMINUS/ZIPLUS, /7, 4X o aHC A) U7X, 9H(RATTS/CM2n A®STER),/) RADCLOS3
1235 FORMAT(1X,/, SXe2HNL, RADCLOGU
251X, 12HOHINUS/GPLUS ) 7, 4Xp4HC A) 49X, LUR(KATTS/CME A) RADCLOGS
2e/leldXed lSHIp---u--u--.-n-.-q.!-.---.--‘---ﬁa----xpv.-----.-.-q---RADCLoﬁb
- svnxqcnucnnnuncnot.-aql.u-.---.-----.-;-nxn-..u-.--....cu--.l ,J RADCLOGT
1236 FORMATC 1X,/, 5K 2HKL, RADCL OGS
251X, 1 2HGMINUS/QPLUS, 74X, 4H( A), 49X, LAH(NATTI/CHE~ A}, /) RADCLOG9

1333 FORMAY(2X,iH )

1334 FORMAT( 1P11EL2,5)

1336 FORMAT(3X, Pb6LIS,6) .

5110 FORMAT(IHY,41X, 4BHCONTINUUM CONTRIBUTION TO THE SPECTRAL INTENSITYCONTNOH
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1o/e506X,BHY/DELTAS  £9,2)

5125 FORMAT(IHL, /72X, 2THEXTENSIVE CONTINUUM QUTPUTe)

180 = ISOUM

1sP = IS0 + {

1sP2 = 180 ¢ 2

NLG = tLG + L0000}
SLGYL = FLGY ¢ ,00001

LOEX(1)I=NICNC(1)
LDEX(3)=NICNC(Y)
IF(KR(14) ,NE,2) ALE=L,
POP = B,61705ECY
IF(KR{1TY,EQ,2) GO TO 76
IF(NLG,E 0,83 GO TO 5776
00 120 Li=§,N]C
IY s NICN(LL)
SCELLY = YY(IY)
IF (KR(1)) 80,8%,R0
81 IF(NIC,GT,6) GO 10 75
WRITE (N,125) (S{LLY LL=1,NIC)
IF(KR(8B)) 3t,341,30
31 WRITE(H,229)
GO Y0 76
30 WRITE(N,1225)
GO TO 7o
75 WRITE (N,126) (S(LL), Ly =3,NIC)
IF(KR({8)) 32,32,33
32 WRITE(N,226)
GO TU 76
33 WRITE(N,1226)
GO TO 76
80 IF (NIC,GT,6) GO TO 8BS
WRITO (N,13%) (sqiLd,Li=y,
IF(KR(8)) 34,34,35
34 WRITE(N,23%)
60O TO 76
35 WRITE(N,123%)
GO T0 76
WRITE (N,1363 (S(LL), LL=1,NI0)
IF(XRCB)) 36,306,337
36 KRITE(N,236)
60 10 76 - .
37 wRITE( N,talb) 3
. G0 70 7a
_ 5776 WRITE(N,51R%)
- CONTINUE
IF(KRTLE) G NEL3) GO TO 179
NYM = NYs}
DO 780 I=g1,NYH

‘ 120

N1CY

780

i DYCI) = (YY(I+§) ® YY(I)) # C2
1 779 CONTINUE
1¢§ 00 1 LL=1,NIC
~ g . - FIINCLL)=0,
R § FIIP(LLI=0,
y‘g NYP & NY#t
A | ISM = 180
ik AR 00 3010 I=§,NY
Sy - 0O 3040 J=1,NYP
5 i T AMTUI,) =0,
“ ¥ KK = JeNYP
; 00 3010 JI=i,1SM
Y KK 2 KK ¢ NYP

3010 AFT(I,KK) = 0,
c FAR WINGS OF HYDROGEN LINES
IFC122Z,NE, 1) GO TO 185
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787
788
786

4108

400
6108

600

625

16
38

2740
2742
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Ki=1

K2=NX]

CftLL Hl”.f 2(\" "30 1)
COTnUE

START HRIMARY LOOP

Pl S0 K=i,NIHVC

CALL MUCFRVC (), Fry)

IF(IZZ,ME, 1) GO TO 786

DO 767 1= ,NX]

J=14(1)

It (i HVCC(K) ,GT, FHVP(J)) GO YO 787
1T (FRVC(K) LLT, FHVYM(J)) GO TO 787
GO TO TUH6

CONYINUE

CALL MULE2(FHVC(K),3,1)

PO 788 1=1,NY

FRUCIY=FHUCT) 51 (1)

CONTINUE

BEEW = 0,

BEEOH = 0,

I (TW) 400,400,508

T4 = Tw ~ POP

AQ = FHVC(KX) / T}

IFCAQ,GEL65,)00 TO 400

BEEW = S000,at HVE(X) 223/ (EXP(AR)wE,)
IF(T0OB) 600,600,6108

T1 = TUOR«POP

AQ = FHVCIKY /7 TI

IF CAQ,GE ¢85,) LG T 600

BELCH = 9040, ¢FHVLIK)aa3/{XP(AQ)=1,)
IF(NLGL1,EQ,0) GO YO 625

BEEw = 3,1416+8ktw

BEEOR = 3, 14fcrbiEOB

FIP(NY) 2 0,

1F(KR(S5),6T,%) FIP(NY) = BEEOB
FIN(1) 3 AMV(X) « BEEW

DO 38 Isi,NY

FMULI) = FHUCL) ¢ {,E=30
TISTEE(I)«POP

BrE(I)=0,

AQ=FHVC(K) /T

IFC(AQeBS,) 2,3,3%

VEXP(=AG+80,)

BEE(T) = (S040aVAFHVC(K) 223} /5,539 ¢34
IF(REECT)ZLY, 1 t.=34) BEECY) 2 §,Eedd
ATT(L,1) = BEE(I) « AQ

ATT(I,1) = 0,

60 TU 38

V s EXP(AD)

Vl‘V't,

BEECI) 3 5040, AFHVC(K)»&3/V]
ATT(I, 1) = BEE{1)/VinVeAQ

1P (NLGL) 16,38,16
BEECI)=3,1416#8EL(])

ATTCI 1) & 3,5416 & ATT(I,Y)
CONTINUE

5(1) 3 §,wAHV(K) = TMSW(K)

§(2) = AHVIK)

[FIKR(S)w2) 2740,2T40,2742

FIM(L) = 8€2) » BEEwW

GO T0 2741

FIM(L) = 8(2) = HEE(Y)

i
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2741

2745
2750
762

2755

300

61

65

68

60

95

88

5289

89

1326

1327
£330

1328
1329

N—— Ry

IFCKR(S)=6) 2741,2743,2743

FIP(NY) = 0,

S(3) =~t,

GO TO 2750

FIP(NY) = BEE(NY)

5(3) = 0,

CONTINUE

CALL TRANS3(NY,DY,NI(,NICN,ALF,BLE,FMU,8,51,82,TAU,FIM,FIP)
CONTINUE

IF(KR(6),EQ,0) GO TO 2755
FIPCLISTMSW(KIAFIP (1) ~BER (1) 2 (), ~THSW(K))
CONTINUE

DD 300 Iz=y,nY

IFCL, COGLDEXCI)IOUTC (L ,KISFIPLTIIVREE(T)
IFCILEQLDEX(R)) QUTC({2,K) = FIP(I) + BAEE(I)
IFCILEQLDEXS3)) OuTC(3,K) 3 FIM(]) ¢ BEE(])
Vs ATT(I,1)

DO 300 J=1,15P

IDX = 8*x(J=1) ¢

ATT(1,J) s V &« AIN(IDX,])

IF(XRC1T) (ER.2) GO TO 89

IF(NLG,EQ, 1) 6O TO 5289

IF (KR(B)=L) 60,61,60

Vi = 12400,/FHVC(K)

D0 65 LL=1,NIC

1y=NICN(LL)
SLLIS(FIMCIYI4BEECLIY))/VIAFHVC(K)
SELLI=(FIPCIY)+BEE(IY))/ZVIAFHVI(K)
IF(NIC,GT,6) GU 10 68

WRITE(N,110) V1,(SCLLY,S1(LL),LL=4,NIC)
GO YO 89

HRITE(N,168) Yy, (SLLLY, L=t NIC)
KRITE(N,3132) (SL1(LLY, LL=1,NIC )
WRITE(N,1333)

CONTINUE

DO 95 LL=§,NIC

IvaNICNCLL)

SCLLYSFIMCIY)4BFECIY)
SE(LLY=FIP(IY)®BEE(LY)

IF{KR(B),NE,2) GQ TO 9%

SC(LL) = FIMC(IY)

S1C(LLY = FIr(lY)

CONTINUE

IF (NIC.GT,6) GO T 88

WRITE (Nyp$10) FHVC(K)p{ S(LL)Y, SL1CLLI,LLE1,NIC)

60 T0 89

KRITE (N,108) FHYC(K), ( S(LL), LLai,NIC)
WRITE(N,132) € SL1(LL)Y,LL=L,NIC)

GO Tu 89

NRITE(N,103) FHVC(K)
WRITEC(N,108) ¢BEE(I),I=1,NY)
WRITE(N,100) (FMU(I),1m1,NY)
WRITE(N,102) (TAUC1),I=1,NY)
CONTINUE

NYP = NY ¢ ¢

IF{Kwl) 1326,1326,1327

Vi = FHYCLK+)) » FHVG(K)

GO TU 1329

IF(KeNIHVC) $328,13%330,i330
Vi 8 FHVC(K) » FHVC(Ke})

GO TO 1329

Vi 8 FHVCLK+y) o FHVL(K=})
visviz2,

DO it LLEJyNY
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51

91

1470

1319
1325
50

96

j2e

5323

. 920

026
n60

666
%01

FIIM(LL) = FIIM(LL) + VisFIMCLL)
FIIPCLL) = FIIP(LL)Y & VI*FIP(LL)
FIMO(LL) = FIMO(LL)¢VI*BEE(LL)
RABLE PACKAGE

cc3 = 1§,

NYM = NY &« §

C38 = ,B8N5#CCI/RFACT
V3 = Vix C38

Y1 = V3x(C2

I11C = 0

DO 1325 I=i,NY

MpJ = 2

CO 1470 J=1,NYH

MPJ = MPJ+l

AHT(IoMPJ) 5 AMT(I,MPJ) ¢ HIM(I,J)nV]
MPJ = 0

DO 1325 KKe1,1590

IF(KK EQ 2) GO TO 1325

MPJsHPJ+1

00 1349 J=i,NY

MPJsMPJ+ 1t
VaBFTCIaJY*ATG (S s KKISAT(I,JIRATT (J)KK)
AFT(L)MPJY = AFT(I,MPJ) ¢ V » V3
CONTINUE

CNAUYIHNUE

CONTINUE

SUMHMARY OUTPUT PACKAGE

IF(KR(17),EQ,2) GO TO 23

vi=0,

v4=o0,

IF(NLG,EG,1) GO YO 5123

DO 96 LL=1yNIC

IY=NICNCLL)

S(LLY = FIIMCIY)I4FIMOLLY)

STILLY = FIIPCIY)+FINO(LIY)

IF(KR(B),NE,2) GO TO 96

S(LLY = FIIM(1IY)

SECLL) = FIIP(IY)

CONTINUE

WRITE(N,3333)

IF (NIC,GT,6) GD TO 122

HRITE (N,130) ( StLL), StlLL),LL=1,NIE)
GO TO 123

WRITE (N»o331) ¢ SILL))LL=1NNIC)

WRITE (Np332) ( S1(LLYsLL=3eNIC)

GO TO (23

IyaNICH(Y)

YOCLT=YY(IY)

IF(NLGi 4NE,0) GO TD 560

WRITE(N,5130) YDELT

It (KR(B)) 920,920,626

WRITE(N,112) HEADCL),HEAD(3),HEAD(S5),HEAD(S)
60 10 561 .
WRITE(N,112) HEAD(2) ,HEAD(Q) ,HEAD(6) ¢HEAD(O)
GO TO 610

WRITEC(N,181) YDELY

IFCKR(B)) 6606,660696867

WRITE(N,$14) HEADC),MEAD(3) ,HEAD(S),HEAD(S)
Ve,




;
L
K
Y,
H
4,
i
¢

k

¢

viz=o0,
ve=0,
DO 62 T=§,NIKHYC
VISVEI®(OUTC (L, 13+V3IRY
V2sv2+ (OUTC (3,1 )4¢Va)aV
Viz=puTC(1,1)
Va=ouUIC(3,1)
Va(FHVC(141)=FHVC (1)) /2,
EL=VI/Z(FIIPCIYI+FINOCIY))
GR2=V2/7CFIIN(IY)+F IMOC(IY))
62 WRITE(N,3I3IFHVCCI) OUTC(3,1),VE,0G2,0UTC(1,1),Vi,0Q01
G 7O 23
667 WRITE(N,114) HEAD(2),HEADCY) (Ht ADLO)  HEAD(S)
610 v=0,
Vi=o,
ve=¢,
VSZ1 ,24/FHVC INTHVE)
DO 620 I={,NIHVC
IRSNIHVC=1+}
SCIV)I=OUTCCL,IR)/VSAFHVC(IR)
SECIY)=0UTC (3, IR)ZVORFHVLCIR)
VISV (S(IY)4VIYrY
V2uVe+(S1(IY)+Vy)ry
v3=sS(lyY)
va=si(1y)
V621 ,24/FHVC(IRmt)
VE{vanmvhs) /2,
GRE{=VIZ(FIIPCIYI4FIMOCTIY))
QR2=V2/(FIINCIYI+FYMOCIY))
WRITE(N,113)V5,81(3Y), V2,002, S(IY), V1,001
620 VS53VO
123 CONTINUL
RETURN
END
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SUBROUTINE DADIN ’ ) R DADINOO
Culvue SUPPLIES THERMODYNANIC oPATH LENGTH AND OTHER DATA DADINOO

INTEGER FAMDA,FANDR :

CUMMON/CONYM/Ncnctzﬂ)aNSBN,Z(EO).HVG(30).KS(20),IIS(16)aNILo

{ HVT(30Q) ,CS5(240),1IL(30),185(30) s 1GBN(20),
2 XION(so).HttA(}O).BtTBtSO).NST1.NT.XXS(200)rJXS(BO),
3 TTHRES(30),COEFA(30),COEFB(33),122

COMMON/INTCOM/KR(20),KQ(10) oKF(10)/MsN

C
CUHHON/LINE/HVL(ZOO)pK!,KZ'TLCM\BS):TLCP(?S), NXI,1A(9) RADINO
l.NI.XNOL(BOO),GUP(EOO),EXPN(ZOO).XRCZO)
C DADINOY
COHMON/RAD/AHV(SO),AHVL(ZS).Cl,C?.CS,C#.CS.DELTA.EPS(lbo)'FF(EOO), RAC
1FHV(25).FHVC(50),FHVM(ZS),FHVPtzs)pFIMI(25).F1P1(25)'FlloFLZaFLGo RAD
2FLGYL,GAMP(200),GLE (100), NACS,NBLP,ND(ZOO),NIC,NICN(Z RAD
35),NIHVC.NHV,NU(25).NY,PR&5(20):TEE(ZO).NUL(ZB).XMUL.
4 VDELT.YYCZO)aCASE(IS),THSw(SO);TMSNL(Zb)oTN;TOB )
SNRAD,RFACT,POP
c
COMMON/PRPCOM/SPLZ (203 ,RR0(20)
COMMON/NDHCOM/ZAM(123,123)
CUMMON/&UTCOM/ZUGI(G)IAAr2U62(653)
COMHUN/LQPCUHIPSC1(16!)olSCO(bO),PSCZ(éU)-1801(lb).ls, DADINGS
i 1s5C2(/0},P,FSC3L 480),ToFPSCI(78B), DADINGY
P4 lSCS(U),Fsca,Isca.FSCS(ISXJ,ISPa,FﬂMOA(bo),FAMOB(OO)DADXNO!
3 pISP,NSPLC,FSC()(}),Kl”pKUl.”!KKR(EO)
COMMON /RADCON/ TT(ZO).VMutao),HN(ZOJoSP(l:ZO.B) DADINOGO
1 .THETA.SV!.SPX.SRI,HS
VIMENSION FR{$E3,1)
EQUIVALENCE (FR(1),AM(43))
100 FORMAT(6EL12, 1) DADINOZ
102 FORMAT(SE12,4)
103 [ DRMAT(513) DADINOR2
115 FORMAT(2413) : DADINOZ2
225 FORMAT(BEL0,3) DADINOY

226 FORMAT(6E12,4)
227 FORMAY(1011,110,5E10,32 .
625 FORMAT(,/7,47H #a#axNICN(1) MUST EQ,! FOR REFLECTING WALLSwxax)

L 4010 FORMAT(3SH#aaxEXTEND CONTINUUM FREG RANGER®x&*) DADINOZ
e 4004 FORMAT(2011,1%A4) DADINOE
i G008 FORMAY(3SHaaxak@(1)22 CANNOT BE USED HEREnnaAR) DADINOZ

7005 FORMATC2AM,2X,TE40,2/7(BE10,2))
7006 FORMAT(2A4,2X,7£10,2)

JSM1=]5ed
85 IF(Cimy,) B80,79,80 DADINOA
c tttt**tﬂiitt*t*tﬁﬁtttﬁkt*ttti*l*tﬁ*tttttt*thﬁitttt*iit**t*ttt*tttﬂ
c - DADINO4
¢ UNIFORM CONDJTIONS DADINOY
c DADINOY
c AR AR KRRERARNAARARARIAREARARRRR AR AR KR ARRKARRRRRRRARRRAARKRRAARAR

79 IF(KR(7)wi) 681,682,682
681 READ(M,226) DELTA
60 TO 683
B 682 READ(M,226) DELTA,PRES(1), TEECL),SLOPE,V
i CIF(KRET)(EQ 2) RNO(L) B V
. 683 READ(M,226) Tw,T08

Y e
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DADINOY
READ MASS FRACTIONS OF BASE SPECIES
DADINO9
IF(KR(TYn1) 365,321,372
321 RLAD(M,22%) (SP(1,1,1),1=1,15M}) DADINOY
GO TO 340 DADINOY
OR MOLE FRACTIONS OF RADIAYING SPFCIES
322 READ(M,115)INSPEC
DO 700 Js§,NSPEC
700 KEADCM,7006) FAMUGACJ) FAMDBCJ) ,FR{J,1)
IF(K@C12w2) 345,346,345 DADINOY
$06 WRTTE(N, 4008} DADINOY
STOP DADINLO
345 GO YO 349 DADINYO
340 IF(KOC1)EQ,0) TT(1) = 1,RATEE(1)
IF(KQCLYLER,2) HH()=TEE (1) DADINO
1F(KR(5)=3) 636,637,637
637 Tw = Tee(y)
T08 = TEE(NY)
636 CONTINUE
IF (KR(2),E0,2) PRES(L) = P
344 DO B1 Ysi,NY DADIN{O
HH(I) = HH(1) DADING
PRESC(II=PRES(Y) ; DADINO4
TEECI)=TER (1) ’
RHO(I) = RHO(1)
DO S58L J=1,1sMy
5581 SP(L,1,J)=5P(1,1, )
IF (KROT) WNEL2) GO TO 61
DO 82 J=i,NSPEC :
82 FRIJ,I)=FR{J, 1) DADINOS
81 CONYIMUE DADINOS
CHECK FREQUENCY GRID
IF( KR(9),EG,1) LO Try 365 DADINtI
Vi = FHVCINIHVE)/Z(12,%8,62F »5) DADINGY
Ve = AMAXE(THW,TOB,TLE(L))
IF(KQCL) yNEL,OIVRSANAXLICTR, TOB,TT(1)/1,8)
IF(Vi=v2) 360,36%,365
360 WRITE(N,4010) DADINSY
sTQP DADINY,
365 CONTINUE DADINIY
3TANDOFF OISTANCLC CALCULATION
C4 = KR(L3)
IFCKROIZ) (6T,2) KR(I3ISKR(13) w» 3
IF(KR(13),EG,0) GO TO 86 DADINL
S0R & snt/PtT/VMw(1)*1 3146 DADINL2
IF(ABSCSLOPEY LT, 1§, En8) SLOPERY (/(1,+SQRT(8,/3,5DR))
DELTA = SDR&SLUPE#DELTA
IF(KR(13),E0,2) DELTA = 30,48%DELTA DADINg2
GO Y0 86 DADINOS
RARRARARRAARARARAARAARN RN AR ARRANRRANAAARRARKERAARANRRARRARRARARARES
. DADINOS
NONUNIFORM CONDITIONS INPYT DADINOS
DADINOS
RARKRRANAAR LA RARRNRARKRNARRARR S t*ttt*tl*iAitii*ttt‘tttﬁtﬁﬁttttttlttlitt
INPUT DELYA DADINOS
DADINOS
80 READ(M,102) DELTA DADINOG
DADINOG
READ PRESSURES DADINOS
. DADINOG
LF(KRCT),EG,0) GO TO 489.
139
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READ (M, 226) (PRESLL) 151 ,NY) DADINODCE

DADIMOG
READ TEMPEATURE DADINOG
READ(M,226) (TEE(I),I51,NY) DADINOG
IFCKRCT) (NC,2,0RKR(13),LE42) GO TO 689
READ(HM,226) (RROCIY,I1=1sNY)
CONTINUE
READ(My226) TH,TLB DADINYL2
DADINOG
DADINY2
READ MASS FRACTIUNS OF BASE SPECIES
DADINL2
IF¢ KR(7)=1) Bb,%21,5¢2 DADINgZ2
DD 325 Isi,NY DADINg2
REANCM,225) (SP(1,1,0),J%1,13M1) DADINER2
6o 10 49 DADINY3
READ(A,115) NSPEC
DO 710 J=1,NSPEC
HEAD{M,7005) FAMOA(J),FANOBLJ) , (FRUJ,1),I51,NY)
IF(KQ(1)®2) Su45,5%46,545 DADINL3
WRITE(N,4008) DADINLZ
stopP DADINYS
60 10 S4t - DADINYS
DADINY3
CONTINUE
DADINLY
IF(KR(S) = 3) 638,639,63¢ '

TW = TEE(1)

706 = TEE(NYD

CONTINUE
kt**tﬂitim\a\ti**ﬂtttttttl*ttttt**litti*tti*tti*tt**sA*a**ittt*ti**

END OF DATA CHECK
ARKRRARAANKAANRARAKARKRARARRRRARARARRARRAARNARRARSRNAARRAKSAXRRARRR

DADINO?

IF C4=0, AN ADDITIONAL CASE FOLLOWS DADINOT
READ(M,226) Cd DADINOQ7
IF(NICNC(]) L EQ, 1 ,URKR(5),LT,2) GO TD 640
NRITE (N,625)
§YaP
CONTINUE

DALINOY

DADINLY
RETURN DADINLY
END DADINLG
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SUDRCGUTINE EQUIL (X0, IND,PR)
INTEGLR FAMOQA,FANNY

COMMON /RADCOM/ TT(20),VNN(20),HH(20),SP(.,20,8)
i o YNETA,SVY,SPL,SR NS

COMMON /ZEQPCONM/ RBLELO,2)FF(00)FFA,IFCI(60),ATA(BY, ATB(B),wAT(B?,
KAT(8),IR(B),1S5,XxR(10),LAN]I(60),P,RC(60,2),
RD(h042)sRE(HO,2),RFE(B0,2),T,TK(B,8),70Q(8,8),
TUCKD,2) s PF{60) f VNU(HD, B, L2,L3,ITFF,KR2,HCH,NCY,
Wit , WYMC60),Y(60),YW(60)»I5P2,FAMDA(60),FAMOB(60),
15PNy W{3)  KIN,KOUT,KKR(20),ATC(8),66(60)

[F, 30 “ VR VI

COMMON ZEQTCOM/ SIP,HIP,EL,ENL,FLIG,CPR,IRE,IER,PM,ITS,IN,IL,IT,
MODL G HMEL T SHEL Y, TMAX, THIN,WEL T, SUMN, SUML ,1B(9),
EGCE) ,FBLEB) ,AC10,14),6(14),14(60),ALP(R),ENU(B),
GAMH(B) yGAMF (B) ,JC o hG,SLAMIB) yCPG,0OY(60),CP(060),
HI(60),SBC60),TC(H0),VINA(60),E(60), TTMIN, TTMAX,
PNUG(R) ,wS,%5S5,15P0,BC(R),BLNK(A),BY(B),1IHC(8),
BY,KKJ,SVA,SVB,SV(,SVD,SUNMC,FFF,RV,CHF,EP,IFCJC,
WIG,H L ,pJJ(B)Y,ZE(B)Y,LEF (L)

SNV D WN e

COMMON/NONCOM/AN(§23,123)

COMMUN/SAVE/ZIOPY PO

.DIMENSION KQ(1)

DIMENSION DXY(123,1) FR(123,1)
DIMENSION DLCPF(60)

DIMENSION RHS(32), PLP (303, PPTCC(30),
{1 HOS(30),
2 Xi30), ALFHIIB)

DIMENSION FKXX(B8,8,8),FKOX(8,8),HRRACE(R,8), CPr(60),

1 TAUC30),CPP(30),DCP(30),PTAUC30Y,FC(30),PH(30),PTH(30)

DIMENSION HTM(32)

EQUIVALLNCE (NSKEC,N),(CP(1),CPF(1)), (PLPC1),Y(1)),
{(PPYC{1),YW(1)), (HNS(1),6GC1)3o{XCL)oVLNK(1)),

o TAUCE) DY (1))

EQUIVALENCE (RHS(1),AM(1)),(CPP{1),AMT124)),(DCP(1),AM(24T)),
(PTAUCT) JAMC3TO0)), (PCCL)pAMIUD3) ), (PHL) ) AN(616)),
(PTHC1) s AMCT39)), CHTMCL) »AMCB62)) 4 CDXY (1) ,AM(14T7T7) ),
CERC1)pAMCGIC ) CFRXX(1),AM(2661)), (FKDX(1),AM(3076)),
(BRACL(1),AM(3198)),(DLCPF(1),AM(3321))

200 FORMAT(I1,E9,4,4E10,4)

201 FORMAT(UHY PSE12,4,10X,2HSSE}2,4,10X4HVKI=3EL2,4)

202 FORMAT{UHY P=E12,4,10X,2HH=EL12,4,10XUHVKT=3EL2,4)

203 FORMAT(12,7EL4,5)

204 FORMAT(6EQ,6,6XF6,.0)

246 FORMAY(//SX,14HDATA DECK HAS ,13,20H SPECIES~LIMIT 18 40,//}

248 FORMAT(//SX14HDATA DECK HAS ,13,211 ELEMENTS, LIMIT 18 6//)

N r=

£ AN

THIS CUDL CUMES YO YOU COURTESY OF AERUTHERM, ¢ . NEN)RMK,MG
THIS VERSION CAN CONSIDER 40 3PECIES

IFCIOPT,NE,0) GO T3 99
PO=T,

- IF (NSPEC,LE,40) 6D TO 244

NRITE(N,246)INSPEC
stop

A4 CONTINUE
IFCIS,LE,6) GO TU 249
WRITE(N,248) IS
s$10P

DAD1

EGUILOOQ
EQuILOO
EQUILOO
EQUILOL
€QUILO}
EQUILO}

EQUILO}
toulLoy
EQUILO}
cQuUILoL
LQUIL 0}
EQUILOL
EQuito2
EouILO2

141
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249

99

300

600

4675

23
22

.30

CONTINUE

PO 2 I=31.NSPEC

VaNSPEC

PP(1) = PR/V

PLPCL) = ALOG(PP(I))
2 2 J=t.2
RF(14J)=RF?1,J)/71,9869
CONTINUE

10PY = 2

CONTINUE

MODE=KO()
18P2 = 1§¢2
IsSP3 = IS ¢+ 3
NSP2 = NSPEC + 2
= IS~ 1
HTM(L) = 1,8
HTM(2) = 1,0
PO 300 1=1,18
ALPHIC(TIY = SPUY,IMD,T)/NTM(])
18M2 = IS=~2
ALPHITISHML) = 4,
00 600 I=31,]1S8M2
ALPHI(ISML) = ALPHI(lsﬂl)-SP(l'INDaI)
ALPHI(ISNl)SlLPHI(I&nl)/WTH(ISMS)
IF(KQ(S) NE 1) Gl TO 4675
SALSTHETA/ST7,29577
SHIENS/1 .8

SVlﬂ(1,31“6tSRitSV1RCUS(SAl)?*‘2/90108.

SYBsSVAr2,/1,9869
3VC=(SV1*COS(SA1))k*2/90108.08H!
Svissriesvasii3l4va5Ril
CONTINUE

P=PR

sHH(IND) /3,8

T= TT(INDY/1,8

TSAVE=T

¥M = VMW(IND)

pPLN= ALOGLP)

PYESTEP* (EXP(ed,))

pa= ALOG (P/PO)

12 = 1§P2

DO 3 131,NSPEC

HTM(I42) = WIN(Y)
PLP(1) = <30,

1F (FRCILIND)) 22,2223
PLPLI) = ALOG(FR(I,IND)) +PO
CONTINUE

PPLI)= EXP (PLP (1))
CONTINUT

PO=P

PMENMaP

1TER=1

CONTINUE-

CP6a0,
VASALOGCT/3000,)/1,9869
vVBsT+3000,
VCa(T+3000,3/2,
Vp=uT43000,
VEaVC/(V0*VD)
VFevVB/1,9869

RYRY 986947

15Q=TaT

SU"P'O.

B

S

PTRUAYS. o SOTE




DO 1 1=1,NSPEC
i J=2
1 IF(T LT TU(I,1)) J=t
bl CPFtt):RC(I.J)+T*=D(1oJ}:
@ DLCPF (IS (T#RBL1,JIne, 2 RT1;0)/T80) /CPELT)
ot HI(I)=RB(IpJ)+VB*(RC(I.J)iRD(I:J)ivc+RE(!,J)/VD)
SB(I)=RP(1:J)fRC(I.J)tVAOVFt(QD(I'J)+RE(!'J)*VE)vPLP(I)
CPG=CPG ¢ PP (1)ACPF(I)
SUMP=SUMP+FP (1)
TC(1)=aM1 (1) /RT
E(I)=TCCIY+SBLD)
1 CONTINUE
DO 302 31=1SP,NSPEC
DO 302 Js1,1S
- 1C(I) 3 TCCI) = VNU(I,J) = TC(I)
302 E(1) = EC(I)=VNU(1,J) * E(J)
SyYMS=0,
SUMH=D,
If (MOCE ,NE,0) GU TO 432
SUMT=0,
PO 620 1=1,NSPLC
HOS(IY) & WIN(Id«PP(1)
620 SUMT = SUMT+HOS(I)
V=T/TSAVEAPH
RHS(1) 3 V=Syunl
AC(,1) = =V
A(1,2) wV
G0 10 6
432 CONTINUE
1F (MODE ,NE,3) GO TO 4
pD 5 1s3,NSPEC
HOSET)=SRIT) PP (1)PP(])
SUMSZSUMS +HUS(I)
CONTINUE
A(1,1)3CPG/1,9869 :
A(],2)5=PMr5 :
RHS (1) =PHASmSUMS=SUMP ;
G2 10 6 .
4 DD 7 I=1,NSPEC )
HOS(1)=HI(I)aPP(1) :
SUMH=SUMH+HOS(T)
7 CONTINUE ;
17 (KQ(S)»1)406,a08,L06 ;
406 A(},2)=ePMiH
ACL)1I3CPG*TY !
RHS(1)BPMaH=SUMH ’
6 RHS(2)xPasSUnP
G0 10 dfo
408 P=SUWP
A{1,2)3ePM*SVCeSVARTSQ/PH
AL $)2CPCAT+2,4SVARTSQ/PM :
. ‘ RHS(1)2PM&SVCSUMHn VAR TEG/PN :
RHS (2)3SVO=SUMPRSVRrT/PH -
410 CONTINUE
DO 304 121,18
. EC1) 8 PM & ALPHI(]) = PPLY)
. DU 304 JBISP,NSPEC : ;
. 304 ECI) 2 ECI) = VNUCJeI) ® PRLS)
1CONsS
TESY 8 ABS(F(IS)) :
PO 305 Isi,I4Ml !
V = PHsALPHI(I) #,000% i
Vi 5 §,E=10 i
V = AMAXE(V,VY)

RE(1,J) /150
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316

334
312
803

306
318

31

32
33
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IF(ABS(E(T))=Vv)305,305,10
TEST = TEST ¢ ABS(ECI))

DU 16 121SP,N5PEC

IF (ADS{E(I})=,001) 16,16,10

CORNTINVE

1F ¢ 1HODE,LER,0) GO TO ate

I¥ (ABSCRRS(1)aT/A(1,1)),6T, 0,1) GO YU 10
IF (ABSCRHS(2))/P,GT, 0.00001) GO TO {0
IF(TEST/EM ,GY, (20001) GO YO 10
IF(ABSCECIS))/AMAXLI(PPLIS),ABSCALPRI(IS))) ,GT, 0,00001) GO TO 10
ICUN = 0

Af2,1)=0,

JF(KQ{SYI4EQ. 1) A(2,1)=SVR2T/PH

DO b I=1SP,NSPEC
A{L,1)=AC1,1)=-HOSCI)2TC(])
PPTC(II=PP(I)+TC(I])

A(2,193A(2,1)mPPTC(I)

CONTINUE

A(ZIZ) s 0_.

IF(KQ(S) EQ, 1) A(2,2)5eSVB*T/PH

PO 312 1=3,15Pr2

AlI,1) =

A(l1.2)

=PM2ALPHI(I~2)

A{1,1) = HOS(1-2)

A(2,1) = PP(1=2)

00 316 K=3,15P2

AtI,KY = 0,

ACI,1) = PP(I=2)

DO 314 J=I1SP,NSPEC

A(1,1) 5 ACI,1)~VHLI(J,1e2)2PPTC ()
a1,1) 3 AC1,1) ¢ vHUCI,1«2) & HUS(Y)
A(2,1) = A(2,1) ¢ VHUCJI,1=2) = PP(J
DO 314 k=3,15p2

ACI,K) = AQL ) + VHUQII=2)2VNU(J Kk=2) & PP(J)
CONTINYE

FORMAT (2X,8E14.6)

DD 9 I=21S8P,NSPFC
RHS(1)sRHS(1)~HNS(TIE(T)
PPIC(I)=PPCI)+E(])
RHS(2)=RHS(2)=PPTC(1)

CONTINUE

00 306 Is3,1SK2

RHS(I) = E(Ie2)

DO 306 J=ISP,NSPEC

RHSCI) = RHS(I) = VNULJ,I=2) = PPTC(J)
00 318 1=1,18P2

ACI,ISP3) 2 RHS(ID)

JP=y

DO 32 1s§,12

DUM=ACI, 1)

A(I'!)gi‘

IPp=ied

JP=JP+ICON

DU 31 JsJP,15P3

ACTIyJIZA(I,J)/7DUN

1FCIP,6Y,12)G0 TO 33

DO 3> Kk=iP,12

OuMs (K,1)

AlKy1730,

D0 32 J=JP,ISP3
AKeJIZA(K,I)eDURNA(Y,])
IPCICON,EQ.0! GO YO 36

I1P=13P3 |

00 35 I=y,IspP

i .
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47
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Bt = e NN, - e
’ . . C et e Y i i)

I1P=1Pwy

DN 35 J=lr,12

A(IPul,ISFP3) = A(IP»1,IS5P3) e A{IPel,J) & A(J,15P3)

GO TO 38

DO 37 I=1,ISP

DO 37J=1,1

DUH=A(J,1¢})

Al 1e03920.

DO 37 L=t,18P3

AL LI=A(T,L)s0UMRA(T®S,L)

CONTINUE

D01 320 I=1,15P2

RHS(I) = A(1,15P3)

DO 308 I=ISP3,NSP2

RHS(I) = £{1~2) w TC(1=2) * RHS(})

Do 308 J=3,i5¢2

RHS(I) = RHS{IY 4 yNyU(Te2,Je2) & RHS(J)

DaMP=1,

DD 15 I=§,NEPEC

DOM= PLP(1)~PLN

IFC KNS C(142)) 20,15.18

DUM (&, 48, 4DUM) 7(5,=DON)

6N D 13

DUM=(3,4D0NG, )/ (4, +DOM) _
IF(DUMY 13,15,15

CONTTHUE

DAMP=AMIR] (DAKP, (DUM=D0N) /RRI(1+2))

CONTINUE ,
DAMP=AMING(DAMP 0, 4/7AMAXY (ABS(RHS(1)),ABS(RHS(2)),,4))
IF (DAMF ,GT.,99) GU TO 2%

QU 21 P=fyNSre

RHS{II=DAMPLRNS(]) e
DO 28 I=s3,NSPEC ’
PLP())= PLP(I)+nHI(]¢?)

PPLIYSEXP (PLP(1I))

CONTINUE

T=T/(1,*RHS(1))

PMZPHERHS (2 xPM

ITER=ITER+Y - e

TFCITER,LTL50) GU TO 6642

KRITE(6,0680)

FORMAT (//5%,2BHCHEMISTRY FAILED TO CONVERGE//) :
WRITECO,6661)IND s HH{IND) ,PRSP(1,IND,1), SPck.xno.BJ SP(t.xND.BJp
1 SP(1,IND,4)

runhurttx,lsul HeP oK1 oK2poror2Xe13:2%y btlZ 3)
STUP

CONTINUE -

IF (ICON,GY,0) GO T0O 30 - - c
ALF=A(2,1)/7A(1,1)
CPE=L,9869/CA{L,;1)«PH)
LFCIOPTLEQ,2) CPE=CPE/RY
WMEPH/P -
VMH(IND) = WM

TYCIND) = §,H8a7Y

RHO=PM/1/82,057 .-

8=0, .

Hed, ’ o .
PO 17 123,NSPEC

$a3¢S8(1)wPP (1)

HeHePP(IInHI(T)

X(I)ePP(L)/P

FR{I,IND) & Xx(]) -

CONTINUE S -

HeH/PM

i T DY PRV AP I
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52

_53

S=§/0%

S=25+4,9869
IF(RU(S),EQ, 1) 6O TO S
IF( MODE NE,2) GD 1D 52
53 TH 53

HH(INDG) "% §,BxH -
CONTIRUE
JF{HGDE,LER,2) GO TO 426
“ont.=2

60 0 3¢ -

~ W26 CONTINUE :

C
c

© -iBoe

IF(KQ(7),€0,9) GO YO 3650

WRITE(KOUT, £2)T,P,uM
WRITE(KOUT, 48)H,S5,RKO
WRITE(KOUT, 2032)(FAMNA(T) ,FAMDB(T), X(

EQUIL3T
1),121,NSPEC)

2032 FURMAT(/3(5XTHSPLCIESIXBHMOLE FR,2X)/(5X2A4,E12,5,5X244,E12,5,5X2AEQUILAL
14,£12,5))

48 FORMAT(LOX10HENTHALPY =E14,7,20% CAL/GM

42

FORKAT (/9XSHTFNP=,F12,4,17H DEG=K
11 sF11,7)

1GM=DEG K/{0¥ GHDEKSITY =£1{3,6, 8H GM/L

3650 CONTINYE

3to

300

425

11

189

DO 3340 1=ISP,NSPLEC

DCPC(I) =.CPF(1)

DO 310 J=1,18 -
pCP(l) = DCP{1)=~yNy(1,Jd) = CPF(J)
pPYC=0, -

PcP=o,

PHT=0,

P1=0, .

DO 3100 Js§,NSPEC

Kz2

IF(TU(Jel),,CT,T)K=Y
CPP(JISRD (I, K) w2 /TR&3#RE (J,K)
PCP=PP(JICPRP(J)vPCP
PH(JISFP(JIAHI ()

PYHL{J)I=TRrCPF (J)APP(J)

1 (J,LE,18)6G0 YD 100
TAULJISTCCIIATC(JIITCC(I)SDCP(J) /11,9869
PYAUCI)=PP(JI)=TAULJ)
PICEPP(JIRTC(I)«CPC(J)+PTC
PHT=PP(J)AHI(I)I«TAU(J)+PHT
PTEPP(JYaTAU(JI+PT
PC(J)IBPP(JI)IRIC(I)
PIH(JISPTH(I)=HI(J)#TC(J)«PP ()
CONTINUE

PO 125)s1,])5P2

Oxvil,2)=all,2)

OXVCI 1)=A(CL,1)aPM

DO 125 J= 3,18P2
OXYCI,0)8A(1,J)sPM

DO 176 IM=ISP,NSPEC

PO §76 J8=1,15P2
DUDEwTCCIMIADXY(),J8)

PO 171 1Pmyi,18

DUDSDUDEVNUCIM, IP)IxDXY(IP+2,J8)
OXY{IMe2,J8)8DUD

00 197 Kei,NSP2

DO 189 Jsi,IspP2

OXY(K,J) B DUY(K,J)/RTM(J)

EouiL4sl
MOL WEQUILOS
EQUILO0S
ENTROPY 2E§2,5,13H CAL/EOUILO6

PRES 3F9,3,1TH ATM

M3 )

FOLLOWING ACTIVE UNLY WHEN 18SM{ ELEMENT OBTAINED BY OIFFERENC

IF(KR(6),EQ,1) GU TO 197

T o S AL K A AT i, WA b o =

-
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t
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RMMGE] ,
1F (KR(2)) 334,334,324

323
1f
1¢
if

READ(YIN,30Y) tn,15,7CAR, LUBZ, DUR3,ILIBE,DUBS,

(I0NE,0) RE(3)=6

(DUE2,6T,0.)
(DURY,GT,0,)
(BYP4,67,04)
{(DUBS6T,94)
(DUBG 6T 0,)

F1imMoLsDuBe
HLASHOL=DURY
S1GMASDURY
EPDVRK=SDUBS
GHA =DUBGL
FrioMw=puB?y

3213

3211
32i2

311
1

311
324

325
32¢
326

323
327

334

342
3420
342y

344
345

346
347

1F (M7 ,G1,04)
1FCFTeR) 3213,3712,32118
tFazo,

R0 TH 3212

FracirAR

canvinut

JAT(8)=SO

1xs3%

IF C1S=10) 311,311,399

READ(KIN,30Q) (KAT(J), ATALI), ATBLJD, ATC(J)p WAT(JYy (TKCJ 1),

131,7),951,18)
DO 327 K=1,7
VAZ0,
PO 322 J=1,18
IF(KAT(JI)=99) 3111,3525,3111
1#CTR{I, )Y 324,322,525
VASVA=TK(J,K)
TK(I, K)==TK(J,K)/KAT(J)
60 YO 322
VASVASTK(J,K)sVAT(])
CunTinic
IF(va) 326,327,326
oY 323 J=i,18
TR(I,KISTK(JT,K)/VA
CONTINUE
1sP=1s §
IF(KR(3)) 399,399,334
TFHAX=0,
AAA=Q,
Nz0
J1=18P
J=t

ouRs,DUBT,DUNS

RCAD(X]N.SOé)(ALPT(K):JAT(K);K=1:7)180R£E'AH0A'AH08

IFCALPT(L)) 3421,399,3420
IFCIATCL)) 344,3421,344
NFF=ARS(ALPT(1))

RtAD:KIN:lOZl)(MFXA(I)pr!B(l),FFIN(I).I::.N?F)

GO YO 342

D2 345 K=1,18

C(K)=0,

Du 3“9 l=1l7 3

IF(JATCIY) 346,349,346

DO 347 K=1,18 :
IFCIATCLI=KAT(K)) 347,348,347
CONTINUE

- READ(KIN,303)

348
349

G0 10 342
~(K}EALPT(1)
CONTINUE
W1=0,

Lat

N

INPUYOO
INPLUTOG

INPUTOO

INPUTOS
INPUTOS
INPUTO6
INPUTOS
INPUYOG
INPUTO?
INPUTOT
INPUTOT?
INPUTOT
INPUTOT7
INPUTOT
INPUTOT
INPUTOT
INPUTOT
INPUTO?
INPUTOB
INPUTOB
INPUTOB
INPUTOB
INPUTOB
INPUTOB
INPUTOB
INPUTOB
iNPyt1o3
INPUTOSB
INPUTO9
INPUTO9
INPUT OO
INPUTO9
INPUTO9
INPUTI1O
INPUTLO
INPUTHO
INPUTSO

" INPUTIO

INPUTLO
INPUTSEO
INPUTIO0
INPUTIO
INPUTLO
INPUTEL
INPUTLY
INPUTHY
INPUTEY
INPUTIY
INPUTSL
INPUTES
INPUTIS
INPUTES
INPUTIY
INPUTER
INPUTIZ
INPUTSE
INPUTHLE
iNPUTER
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387
388
360

36014

313

353
39s

394
314
320
316
396

397

317

398
38

329

330
337
336

338

3133

L AMKK=0

Oy 388 I=1,18

IF (6 (1)) 387,38A,3487
LatKKsLAMKK el
WISWT+C(I) » WAT(I)
2

18 (J=1S) 360,360,369
JHEJw]

b S601 31,18
c1I¢L,d)=C(L)
LAYI(J) = LAMKK

IF (JM) 320,329,313
DO 314 L=1,JM
IMpsin(L)

uGH=C (IML)
uM(L,J2=0,

IF(UGH) 353,314,353
o0 393 1=4,L

UL, JISUN(T,JI=UM(]1,L)AUGH
Do 3Iva I=1ML,18
C(1I=C(I)=TAU(1,L)AUGH
e J,L)se,

bn 316 I=4,1S

TF(ABS (CCY))=,008)316,316,387
(1,820,

DN 396 I=l,JM
VEUC(TI,1)==Un(],3)
0o 397 1=J,1S
VRU{I1.,1)=0,
LAPI(IL)3L ANKE

GO 1D 370

TM{J)Is]

(g, J3=1,

DN 398 L=i.d
UNCLpJIEUM{L,J)/ZC (Y1)
by 328 L=1,18
TAUCL,,J3¥=C (LI /ZC(L)
YC=YINT

KK=J

JsJ¢l

1F{J=18) 372,372,329
DN 330 L=2,I18
JHZISit=y
InS=IMN(JIueY)

DO 330 K=1,JM
UGHSTAU(IMI,K)

b0 330 1=4,18

UMCE,KISUM(T  K)wUGHAUN(T  JM¢L)

DQ 333 I=%,1S
IMIsIMCT)

1F (IMI=1) 336,333,336
PO 338 Kei,lIS8
VEUM(K,IM])

UMLK, IMYI)SUMIK, 1)
UM(K,T)sY
IM(I)=IMCIND)
TM(IMTIISIM]

G0 vo 337
CONTINVE

———— i e - & b —— e 4 % st e et as e
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INPUTLZ
INPUTSR
InPUTIZ
INPUYIZ
INPUTIZ2
INPUTYS
INPUTLS
INPUTES
INPUTLS
INPUTLS
INPUTLS
INPUTLS
INPUTY3
1NPUTY3
INPUTS3
INPUTLG
INPUTSA4
INPUTIA
INPUTLY
INPUTLA
INPUTIA
INPUTIG
INPUTSG
INPUTLG
INPUTLMG
INPUTIS
INPUTLS
1.4PUTE5
INPUTIS
INPUTLS
INPUTIS
INPUTLS
INPUTES
INFUTLS
INPUTLS
INPUTLG
INPUTL6
INPUTL6
INPUT16
INPUTEG
INPUT1O
INPUT LS
INPUTLO
INPUTLO
INPUTLG
18PUTLT
INPUTLT
INPUTY?
INPUTYLT
INPUTLT
INPUTLT?
INPUTLT
INPUTLT
INPUTLT
INPUTYY
INPUYSS
INPUTLB
INPYT1S
INPUTSB
INPUTLS




¢ INTYIALIZE RGa aLD CO{ UMY SUMS INPUTLS

L truys INPUTLS
. He.onny I3y, 15 INPUTLS
: 1r(()z-t INPUTIR
: by i (Iyzmy INPUTLG
\ C Eval aaTe INITIAL Sy"S INPUTS9
Levn=y INPUT 19
vroaqrg Is1,18 INPUTLY
; - py oeny Jzy,1s INPUTLY
' LIn(T,d)z4nl- 0 ant (Y7 anh,2) INkLYILY
t WY = 1CC63) » L11(1,d) INPUTLY
j ha 403 JR())= IRCIV ¢ L IM(I, ) INPUTLY
I v 402 LEVn-1 AMnap AN INPUTLY
; c (hiCe FOR ZE00S INPUTL9
: a2e¢ 12=4 INPUTLY
3 AGiL DO 41 121,16
; IFCIC(I)eIZ) au%,u0%,408 INPUTZ2D
i 05 DY 4ih J=1,18 INPUTZO
: 1P (LInCI, 1)) 407,456,407 INPUTZ0
‘ ate Coviviur INPFUTZ20
: 407 IC(1)==J INPUTZ20
{ 1 (J)=w] INPUTCO
: DO 42k ¥=1,15 INPUTZC
g LIneg, 1)=0 1HPUT20
i IF LI CT, 7)) 625,007,425 INPUT20
} 8eh 1C(r:=10(K) =g INPUT20
H LINCS,K)=0 : INPUT 2T
: 427 YR (LYM(, 13, di2,u2h,u22 INPUTZT
{ e LIN(¥,13=0 INPUTPY
i TR(KI=1H(K)w] INPUYZY
; 428 CnntTIuut INPU (21 ?5
f (A1 TR INPUTZY
: 608 IH(IF(F)=]Z) 412,409,432 INPUT21 :
i 409 N u1n Jst,18 INPUTZY 3
: IF(LINT1,J)) 411,410,481 INPUTRY :
; 411 1C(J)=wl INPUTZY i
; IR(1)==J INPUTRe :
- LIM(I,J)=0 INPUTYZe s
; Gil TN 410y INPUTRS ;
! o coHTNUE INPUTR2E 3
I 4101 DD 430 ¥ay,18 INPUTCC )
= 1F (LIMK,1))424,429,424 INPUTZ2 i
} 424 IR(K)=IR(K)=y INPUT2? i
i LINE, )0 INPUTZE i
s 429 TFCLINCI,K)) 423,430,423 INFUT2e ;s
: 423 LTNCI,%)z0 INPUTRR (!
! 16(K)aIC(K) =t INPUTZS i
. 436 ChntlhuL INPUT23 i
: G0 TH 413 INPUTES v
- 412 convinut INPUTZS ti
9 17=1741 INPUT2S te
: GO Th 404 ) INPUTRS !
i 413 16=106w - INPUTRS %
¥ Jzl§+) INPUTZS %
{ 1F(16) U4i4,a14,4026 - INPUTZS k.
i 414 IF(RK(3)ed) 372,372,485 INPUTES L
v 415 FARNACIH) BAMOA INPUYPU ﬁ
g FArDI(I3)3AM0ON INPUT24
‘ bn ate 1s),18 INPUT U :
KeelR(T) INPUTR4 :
)
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416
417
aiu

309

361
370

372

1C01Y=y AMDA(K)

In(ly=t AMDB(K)
FORMITC/27/5%9MF 1 EMENT  ,1884)
FORMAT( SX9HBRASE SP 6(4xX2A4))
G TR 8372

20 301 L=g,I18

VNU(IT,1)=0,

b 361 121,18
VEOUCIE,LYsvRp(TIT,L)eC (1) =ut(l, 1)
LanI(Il)=LANKK

KKk=11

11=11+14

Yee 0,

RUAD(KIN,302) (RA(V),REB(XK,K), RC(hK,K), ROD(KK,K), REC(KK,K),

IRF (KK, R) s ZIGEPSIKYy Tis(RK,K)  KPHA(K) , K=l ,2)

3733
3734
3735

3736
37137
3728

3727

3729

3730

3724
3720
372%
3480

3484
373y
3723
3449
3453

344y
3443

3452
3456

3457
3485

3726
3721
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I (RPHACL ) =kIPHA(P)) 3733,3736,;3734
IFCRPHACI)I+KPHACD)=S) 3T354,3737,3734
WRITEIKOUT,3735) AmNA,AMNH
FORMAT(/Z//725H 82D PHASL NUMBERING FOR 2A4)
srap

1F(KPHAC1)=1) 3734,3727,3728
TULKK, 1)==TU(KK,})

FE(KK) = 1, E+t0

GR(KK) = { t+1D

G0 YO 3729

FFIRKIS(nT/FITMOL) *aFFA
IFRET(KK)=2

GGIKK) = =f,

IF(MEF)Y 3726,%40.9,3730

OGO $Tes I=fsiiy

IF(UITA(IY=4AMNAY 3723,3724,3723
TIE(FIR(I)=ANUB) 3723,37720,3723
IF(eFINCI)=100,) 3725,3735,3731%

IF (FFIN(I)) 3uBO,3480,546]1

GHIKK) = «FFIN(])

IGMET(KK)=Y

G0 TU 3723

FF(KK) = FFIN(])

TEMET(KK) =Y

60 TD 3723

TF(KK)=FFIN(Y)

CONTINUE

IF (GG(KK)) 3449,3449,3455

1F (Z2IGEPS(1)=100,) 44b3,3452,3452
It (Z2IGEPS(1)) 3452,34%2,3441

IF (ZYGEPS(2)) 3452/,3452,3443
GG(KK) = ZIGEPS(1)/SIGMA & (Z2IGEPS(Q)/EPOVRK)x%,0795 *

$ (WY/ZBHASHOL)Y=A 25

1GMF) (RK) =3
GU TO 3455

IF (KPHA($)=1)3456,3457,3456

GGIKKY = 1,E+10

60 TO 3455

GG(KKY = (WT/FITGMW)##GGA

TGMET (KK) 32

CONTINUE

1F (KR(3)=6) 3722,3721,3722

NRITE (KOUT,306) CALPT(K) yJATCK), Kal, 7). SORCE » AHOA  AMOB

WRITE (KOUT,3020) (RACK), RBCKK,K), RC(KK,K), RDCKK,K), RECKK)K),
LRF (KK oK) ¢ ZLGEPSCK) o TUCKK oK) o KPHACK) s K81 ¢2)

INPUTZ24
INPUT2Y
InPyTR24
INPUT24
INPUTRM
INPUT24
INPUTEZS
InPyT2S
INPUT2S
INPUTR2S
INPUTRS
INPUTZ2S
INPUTR2S
INPUTZS
INPUTZS
INPUTRE
INPUTR2S
INPUTZ26
INPUTZ26
INPUTZ6
INPUT26
INPUT26
INPUT26
INPUT26
INPUTZ6
INPUTZ26
INPUT2T?
INPUTR2T7
INPUT27
INPUT2Y7
INPYT27
INPUT27
INPUTZT
INPUTZ2Y?
INPUTRT
INPUT27
INPUT2E
INPUTZ8B
INPUTZH
INPUTZ8
INPUT2E
INPUT 28
INPUT28E
INPUT28
INPUTZH
INPUT28
INPUT29
INPUT29
INPUTZY
INPUTZY9
INPUT29
INPUT29
INPUT29
INPUT29
INPYT29
INPUTRY
INPUT3O
INPUTIO
INPUT3D
INPUT3O
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13

3722

364

in
362

399
5004

375
3752

FAMQA(KK)ZAMOA
FAHDR(KK)=AMOB

WIM(KK)=WT

RB{KK,1)= RB(KK,1) + RA(})
RB(KK,2) = RB(KK,2) ¢ RA(2)
NeNet
IF(KPHA(1)=1)3734,362,564
IFC(KK)==1}

VN(KK)}=0,

Y(KK)=YC .

IF(TF (KK)=TFHAX) 3a2,342,37%
TFMAX=TF (KK)

GO TC 342

IFC(KK}=0

VNEKKYSVINT

YCRK)=YINT

60 10 342

CONTINLE

WRITE (KNUT,438) (IC(1),IM(3),121,1S5)
CONTINYE

00 375 \=%,8

pO 375 1=3,18

TR(1,L3%0,

DO 375 x=1,1S
TOCY,L)STO(I,LYeUM(] ,KIRTK(K,L)
VN(N+*1)=0,

IFC(Ne1) ==

WTH(N+1) ==},

FAMDA(N#L)=CHAR -
FAMOB(N¢1)=BLANK -
TF(N¢§)=50000,

IF(DUBA,GT,0,) TH(N¢1) = DUBS
RETURN :

END

INPUT3O
INPUT3O
INPUT3O
INPUTIO
INPUTIH]
INPUT 3
INPUTSY
INPUT3
INPLT S
INPUT3Y
INPUT3Y
INPUT3Y
INPUTI
INPUTIY
INPUT3IR
INPUT3?
INPUT3R

INPUT3R

INPUT3S
INPUTIS
INPUT3S
INPUT3S
INPUTY IS
INPUTIS
INPUT3S
INPUTSY
INPUT3O
INPUTAO
INPUTGEO
INPUT4O
INPUTAO
INPUT40
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15

19

18
17
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SUBROUTINE TSLDV (N,X,Y,SR,R,NO)
DINERSION X(1), Y (1) aSR(1I,R(L)
DIMENSTON YY(5)

DIMERSION XX(63,3LR(25),YL(25)
b § I=1,K

YL C1)=ALOGEY (L))

Cabl SLUPHEN, >, YL,SLR,R)

PO 2 1=1,N

SR(II=Y(1)a3LR(])

DO 3 1=2,N

X1=1

XD=X(VInX(I~})

¥YS=Y(1)+Y(1~1)

$pugRIIY=SR(1=-1)

YD=Y(I)=Y(1=1)

YDOER=YD/XD

Y2NEk=SD/XD

Te=ARS(XD2YDER)

T% = ABS(Y2DER#*XD/2,2XD)

15 = ABS(Y(I-1)) + 12
1IF(Y3a0,152Y8) u,4,5

R(1) = RIT=1)4XD/2,*x(YS»XD/6,45D)
6N 10 5

Yy (§)sALOG(Y(I=1))

RR=0,0

AX(1)sX(I=y)

pe B J=2,5

XX(J)exXX(J=i)4X0 /4,

CALL OGLE(SpXX,YY,N,X,YL,SLR)
IF(NOnL) 9,9,10

YHAX=YY (L)

YMIN=YY(S)

IF(yy(S)avyY(1)) 11,11,1°
YMAX3YY(S)

YHIN2YY (L)

DO 13 JE1,%

TF(YY(J)mYMEX) 1d,14,15
IFCYY(J)eYMIN) 15,13,18
CONTINUE

Go YO 9

SSRa(vYy. H)=YY (1)) /%D _
TUSARS (2, &«SSRAXD/LYY(D)4YY(1)))
1V (T4a,00001) 19,18,18 )
RR=0,54X0& (EXP(YY(S))+EXP(YYV(1)))
GO YO 17

RRE(EXPLYY(S))/SSRIA(1 ,=EXP(=S8RAXD))
RCI) = R{1=1)+FR

GO TO 3

on 6 J=2,5
SERE(YY(J)=YY(JIel))/(XD/4,)
RRERR+(EXPCYY(J))/SSRIN()L »EXP(»SSRaXD/4,))
R(I)SR(I=])eREK

CONTINUE

RETURN

END

ISLDVOO
I1sLbvoo
I1sLbvoo
ISLoveQ
1SLOVO0O
15LDVO0O
ISLDOVOO
ISLDvVOO
1SLDVO}
ISLDOVOL
15L4V0

15L0vO0L
I1SLDvol
ISLDOVOYL
IsLDvol
1SLDVOl
1st.ovotl
1SLbvol
I1si.bvoe
1sLDbvo2
1SLDVO2
15LbvoR
IsLDvoe
1sLbvoe
1sLbvoz
13LDv02
1sLbvo2
IsLDvoe
I1sLovol
I1sLDvoO3
1SLDVO3
1SL.DvVO3
1SL0vO3
ISLDVO3
ISLOVO03
ISLOVO3
181.0v03
ISLDVO3
ISt 9vo4
1¢ wod
I18L »vO0d
1S8Lavod
18L.Dvo4
18LOVO4
15L.0v.d
1SLDhvO4
1SLDvoYy
IsLbvod
ISLDhVOS
1SLDVOS
1SLOVOS
I161.0VOS
I1SLDVOS
1SL0OVOS
ISLDVOS
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SUBROUTINE | INT2 RADCLZ8B
COHUMON/CONTM/NCRC(20) RADCL29

COMMON/EQPCOM/SPZZ(281) o 1SOUM,SPZ2(T0),PDUM,5PZ3(480),TDUM,
1 SPZ48(248),VN(60),VNU{G60,8)

COMMON/ZINTCON/RR(20),KQ(30) ,KF(10) 4N

COMMON/LINE/HVL (200, K19 K2, TLCHI2Si» TLCP(25), NX1,1A(9) RADINO
§oNI,XNOL(200),6UP(200),LXPN(200),XR(20),K ,INDSHL(12)
2:5€200),81(200),52(2%)

CUMMON/NONCOM/AM(123,123)
COMMON/ZOUTCOM/LDEX(3)

COMMON/RAD/AHV(R0), AHVL(25),C1,C2,C3.CU»C5,DELTA,EPI(160),FF(200), RAD
TFHV(2S) s FHVC(S0) (FHVM(25) ,FHVP(2S) ,FIMI(25),FIPI(2S) FLL1,FL2,FLG, RAD
2FLGY,GAMP(200) ,GEECL60), NAES,NBLP,ND(200),NIC,NICN(2 RAD
3S) o NIHVE g NNV HUC25) ¢ NY, PRES(20) TLE (20) s KOL (25) , XHOL,

§ YOELT,YY(20),CASE(15),THSN(50), THSWL(25),TH,TUB
SeNRAD,RFACT,POP

DIHMENSION XXN(123,1)

DIMENSION DUTC(123,1),0UTL(123,1)

DIMENSION BEE(20),FHVS(200),FIEMT(20),FIIPT(20),FIM(20),FIMT(20),FRADCL2Y
1IP(20),FIPT( 20),FMUC20) e TAULRO) ) TAUT(20), TMU(20),DIP(20), RADCL3O
eDIH(20) e XIMOL203,X1P0(20),105L(R20)»XIM(20),XIP(20) RADCL SO

DIMENSION SMD(R2A)

DIMENSTON DY(20)

DIMENSION HEADCLT)

DIMENSTON 88(20),55(20),56(20)

DIMENSION 87(¢20)

DIMENSINN 59(20)

EQUIVALENCE (XXN,XNN)

DIMENSION
DSL(123,1) » DAC123,1) , DnwD(123,1) , AB(123,1) ,
WIMCE23,1) o ATC123,1) , wD(123,1) , GAM(123,1) ,
DLXQCI23,1) o AFTCI23,8) » ABECL23,1) » BFY(123,1)
SL.C123,1) o, BRG(125,1) , AIG(123,1) , ATT(123,1) ,
TENC125,1) o AINC123,1) , ACC123.1) » AMT(3235,1)
XNNC123,8) » XOC(123,1) ,AIGC(123,1)

O LN -

EQUIVALENCE

(OSLC1),AMC1)Y) ,» (DACLE)AMC104)) » (DWD(1),AMCR2H61))
CABCLY ) AM(2687)) o+ CWIMCI)AMCLU921)) » (ATC(1),AM(4941))
CWDCLYpAMCU961)) » C(GAMCI) L AMCU98LY) , (DLXACL),AM(5001))
CAFTCL),AMCH024)) 4 CABEC1),AM(9270)) , (BFT(1),AM(T738%))
CSLCL)»AMLT7UOL)) o (BRGCL),AMC7d61)) » (ALG(L),AM(B6T1))
CATT(1),AM(BB9LY) » (TCNCL),AMC10147)),CAINCL) JANC12670)),
CACCL) pAM(12610)) »CAMT(1), AM(12630)) o (XNNCL),AM(9964)),

¢
L4
’

-~ NN -
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8 (XQ(§),nn(30004)), (AIGCC1),AN(9429))

9 COUTCCE) , AMCE028)), (NUTL (L) (AM(9512))

c
EQUIVALENCE (BEEC1),AM(8528)), (FIIMT(1),AM(8651)),(FIIPT(1),AM(
1 B7704)), (FIM{1),AM(RBCT)) , (FINT(1),AM(9020)),(FIPT(Y)
2 SAMCO143)), (FHUCL) ,AM(9266)),(TAU(L),AM(9389))
DATA HEAD/3H=LV,3HAMU,6H FREQU,6HENCY ¢ 6HNAVE L, 6HENGTH ,4H(EV),
LAH(MUY  6H (FT3/,6HLBaCH) o 6H (170, 6HM) 1 6H) s6HeSTER) , SHW/C
2M2,5H ¢ SHrSTHRY

1000 FORMATCIM],38x,34HLINE TRANSPORT GUANTIVIES AT YY = ,F5,3)

1008 FORMAT(LSH LINE GROUP NG, ,12)

1010 FORMAY(1ISH PATH LENGTH/I5H (NORMALIZED) 6%, 10E9,2/7(25X,
110£9,.2))

1020 FORMAT(1BN CONTH, ABSNRPTIUN/ TH COFFF,,2A6,2X 10E9,2/7(25X%,

10E9,2))

1021 FORMAT . 19H PLANCK FUNCTION/16H (WATTS/CM2eSTER,A3,2H) , 10E9,2/LINT 09
1 (25X, 10L9,2))

1030 FORMAY(I9H B,B,fMISSIVE POWER/1{H (WATTS/CM2,A3,1H),6X, 10E9,2/L9NT 09
1(25X,10£9,2))

1031 FORMAT(LIH )

1032 FORMAT{22X,16HPO5, CONTM FLUX=S E9,2s 81X, 16HNEG, CONTM FLUX= E9,2,LINT 10
11X, 1THBOTH IN W&1TS/CM2,43)

1040 FURMAT(G6X,20HARSURPTION CORFFICIENTS, »1X02A0 /72X,2A6,38X18HOP
11ICAL DEPTHS,AND/SBX,, 6KFLUKFS)

1001 FORMAT(22X,23HiFisT 11yt SPECTRAL FLUXS E9,2,1X,23HNEGATIVE SPECTRALINT 16
1L FLUXS  E9,2,1%,13480TH IN w/CM2,45)

1042 FORHMAT(22X,24RP0S, SPECTRAL INTENSITY= E£9,2,1%,24HNEG, SPECTRAL ILINTY 16
INTENSITYS £9,2,1X,13H80TH IK w/CH2,A3,5H~STER)

1045 FORMAT(2X,FB8,5,11X, 10E9,2/7(25X, 1069,2))

1046 FORMAT(2IX, 1019,2/7(25X, 10F9,2))

1047 FORMAT(IH )

1050 EORMATUING, 2/ /50%, FOULINE RADIATION SuMMARYs )

105% FORMAT(22X,T7H GFROULP BOUNDARIES PUS CONTRIBUTIO
IN NLG CONTRIRUTION/
222X, 17H ND NEG, POS, SPECT, TOTAL
3 SPLECY, TUTAL)

1052 FORMAT(24X,13,2X,6E12,4)
1053 FURMAT(35X;A“,BX;AQ,DX,A&,A3,5X;AS;bx'55'A3JSX'A5/SBX'A507X'A5'7x'
JAS, TXe%5)
1054 FORMAT(/52X,BHTNOTALS s,5%,012,4,12X,812,4)
1090 FORMAT(IUG,F12,3,3%X,10E10,42)
1091 FORMAT(19X,10E10,2)
1092 FORMAT(IX,10HTOYAL POSS,6X,10810,2/7(19%,10E10,2)) RADCL3O
1093 FORMAT(3X,10HTOTAL NEG:,lZX,10510.2/(25X.10E10.2))
1094 PORMAT(R25X,10E10,2)
10695 FORMAT(IH )

2010 FORMAT({IN1/5TX, t4HLINE RADIATION) RADCL30

2020 FORMAT(/,1BH NORMALIZED DIST =,1X,10E40,2/(19X,10E10,2))

2030 FORMAT(/,6H GROUP,3X, @2A6,30X » 12HPOSITIVE AND/2X,3HNO,,6X, RADCL3O
1 A4 ,40X,22HNEGATIVE CONTRIBUTIONS/S8X)10H(NATTS/CM2,A6) RADCL30

2045 FORMAY(2X,F8,5,11X, 10E9,2)

2046 FORMAT(R1Xy 10f:9,2)

20004 FORMAT (AN GRUOUP,2X,2A%) 2Xe16HNEG CONTRIHUTION,2X,16HPOB COLINI &5
INTRIBUTIONZ2X) 3HNO o 6X o Al o 82X SHN/CH2 ) 13XSHN/THE)

3018 FORMATCIME /10X, 6HGROUF 913,134 (CONTINUED)w,//) .

3040 FORMAT(U6XpR2dHARSORPTION CUEFFICIENTH, p1X)6H(1/7CHM) /92X, 1BHOPTICAL LINTY
IDEPTHS ) AND/S6X, LIHINTENSITIES) LINT

3072 FORMAT(22X,16HPNS, CONTM INTSS E9,2,1X,16HNEG, CONTH INTS® E9,2,LINT
11X, 22HBOTH IN WATTS/CM2=STER,A3) ‘
180 = ISDUM
I8P = IS0 ¢ |
1SP? = 180 ¢ 2
LDEXC1)=NICNEEY -
LDEX(3)=NICN(1)
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§20

115

780

30

3010

3097

NLGI=FLGL+,00001
NLG2FLG+,00001

LLLt=t

Lia=3

L1.887

LLe=g3

Ir (KR(8) NE,1i) GO 70 53
LLtl=e

LLA=S

LLB=8

IF(NLGL,EQ,0) LLC=14
LLi=t1l

IF(KR(13),GE,3) LLL=9
IP(KR(14) NE,2) ALF = {,

cc3 = 4§,

IFC(KRC1T) .NE,0) GO YO 1S

D0 120 Lu=1,NIC RADCL 3
IY=NICN(LL) RADCL3!
S(LL) = yy(1yy RADCL 3L
WRITE(N,2010) RADCL 3!
WRITE(N,2020) € 8(J),J=1,NIC) RADCL3
WRITE(N,2030 ) HEAD(LLA),HEADCLLA®Y),HEADCLLB),HEAD(LLC) RADCL3Y
XK=NY RADCL3Y
NYP = NY ¢

NYM = NYei

DO 780 1=1,NYM

DY(I: = (YY(I+l) « YV(1)) & C2

DO 30 LL=1,NY

XIPCLLY = 0, RADCL 31
RIMGLLY = 0, : RADCLI2
FIPT(LLY = 0, , RADCL32
FIMT(LL) = 0, RADCL32
FIIMT(LL) = O, RADCL 32
FITPT(LL) = 0, RADCL $2
TLCHM(LLI =0, RADCL32
TLCP(LL)=0, RADCL32
NYP = NYel

ISM & 150w}

PO 3010 I=),NY

DO 3010 J=1,NYP

AMT(1,J) = 0,

KK & JeNYP

00 3010 JJ=1,18M

KK = KK ¢ NYP

AFT(I,KK) = 0,

FAR WINGS OF KYDROGEN LINES

IFCIZZNELLY GO TO 3097

Ki={

K2sNXI

CALL MULE2(V,e3,1)

CONTINUE

13PECS=Y

Ke=0 . RADCL32
C2C0S s SGRYT(6,28318%xC2) /89,0053
AANKEARERRRRAKAKAANRANRARANA AR R AR R AR R RAARKRARAKARRRARARRAARRARARARA

L] *
* LOOP ON LINE GROYPS w
L -
AXRRRARKRRRRARK AR KRR AR RRRRRANRAAANRARRRARRARARARRRARAANRRAARARRRA
00 50 Km1,NHV RADCL32
KisK24 ] . . RADCL32
K2sK2¢NU (R} RADCL23
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3100

3102
31018

2i08

2090
6108

600

40
22

16
10

300

60
65
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NSL = NU(K)

13PEC=0

JF(K.NELIACISPECS)) GO TO 3100
13PEC=Y

ISPFCO=ISPECS+Y

CONTINUE

CALL HU(FHV(K) FHU)
IFC(IZZ,NEL 1) GO TO 310¢
IFCISPEC,EG,L) GO TO 310¢

CALL MULEQ(FHV(K),3,1)

DO 3102 I=§,NY
FMUCK)SFMUCK)+S1(Y)

CONTINUE

BEEW = 0,

BEEOB = 0,

XJH = 0,

FIP(NY) = 0,

IFCTN) 200,200,2308

T8 = Th * PGP

AQ = FHVY(R) / T}

BEEW 3 5040,% FHV(K)®x3/(EXP(AQ)=1,)
IF(NLG]  NE,0) BECYW = 3,1416%LEEW
XJW = AHVL(K) * BEEW

IF(TOR) 600,600,6408

Tt = TUB%B,62E»05

AQ & FHV(K) /7 1%

BEEDB = SOQUO *FHV(K)x*x3/(EXP(AQ)w],)
IF(NLGI,NE,0) BELOR = 3,1416+BEEQB
IF(KR(S),GT,5) FIP(NY) = BRLEOR
FIM(1) = AHVL(K)ABEEW

DO 10 Isi,NY

PO 22 Jmi IS0

AIGC(I.J) = AIGCI,J)

TI=TEE(I) »POP

FMUCI) = FMULTI) ¢ {,E=30
BEE(1)=0,

AQsFHV(K)/TY

V = EXP(AQ)

Vi s v e,

BEECI) = 5040,% FHV(K)Iwn3/VY
ATTC(1,1) 3 BREECI)/ViwVeAl
IF(NLGY) 16,110,106
BEE(1)=3,14164BEEC(T)

ATT(I,1) = 33,8416 % ATT(I, 1D
CONTINUE

$(1) = §,oAHVL(K) «TMSWL(K)
8(2) = AHVL(K)

8(3) = «i,

XIMW = FIM(})

XIPOB = FIP(NY)

CALL TRANSI(NY DY NIC)NICN)ALF BEE,FMU,S,81,82,TAUFIM,FIP)
IF(KR(6) JEQ 1IFIP (L )=TMSWLCKIAFIP(1)wBFECL) AL~ TMSHL(K))

00 300 Iaf,NY

XIM(1)=a8(I)

Vs ATT(1,})

DO 300 Jay,18P

10X 8 8a(Jet) ¢
ATT(1,J) = V & AINCIDX, 1)
CALL MULE2(FHVS,1,Y)
1F(ISPEC,EQ,8) GO TG 60
IFCKR(4In3) 60,65,60

CALL FREGCKoNSHV,FHVS,CFIL)
GO YO 7000 .

CFIL & FHVP(K)eFHVM(K)

RADCL3S

RADCL33

RADCL33
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585
1506

7000

1470

6324
6325

s N e ¥zl

- 308

601

604
4575

4576
n%74

125
4610
1999

V=0,

0O 1500 I={,NSL

SCI) = SGRT(SLOI,NI)/ZSLCL,NI)*GAM(T,NI)/GAM(L/,NI))
V = veS(1)

§MD(1) = CFIL/V

0N 1505 I=i,NSL

TMD(L) = SMD(1)&S(1)
88(1) = ¢,
S5(1) = FINCI)+BEL (1)

DD 1506 132,NY

SSCI)=FIN(IY+REE(CT)

SBC1)=58(11)aXIN(T)

S2CIr1)SFIP(Iw])enbE(In])

S6(I) = DY(Ia1)/B00H ,9B%BEE(])

Vi = BEE(I)/BEE(I~1)=1,

IF(ABS(VL),G6T, ,01) GO TO 585

S{CI)=BLE(Io )&l ¢via( ,SeVE/2d,a(Vir2,)))

GO T0 1506

S1(I)sBEE(Iwi)aVi/ZALOG(VEI¢L,)

CONTINUE t
31(BS,) ) e1(25,)1C18 )1994,6(ETIRW 6054

CONTINUE

Vi = =CFILA,88054CC3/RFACY

DO 6325 I=§,NY

HPJ = 2

DO 1470 J=i,NYM

MPJ = MPJ+d¢

AMT(I MPJ) = AMT(IMPJ) ¢ WIM(I,J)aVikFLY

MPJ = O

DO 6325 KK=1,1S0

IF(KKL,ER,2) GO TO w328

MPY = MR

DO 6324 Jz1,NY

MPJ = MPJ+}

V 2 BFT(I,0) & ATG(J KKI4AT(I,J)#ATT(J KK}

AFT(I,HPJ) = AFT(I,NMPJ) ¢ VaVi

CONTINUE

IF(NLGCe}l) 61,308,6}

OUTPUT LOGIC BLOCK FOR EXTENSIVE OUTPUT QPTION

CO* TINUE

LYSNICNCL)

YDELT=YY(IY)

WRITE(N,1000) YDELY

LC=0

WRITE(N,1001) K

LC=LC+]

WRITE(N,1010) (YY(1),I34,NY)

LC=LCe+2 .
WRITE(N,1020) HEAD(LLLY)HEADCLLL+4)CFMUCTI) I28,NY)
LCalC+R :
IF(NLGL,EQ,0) GO TO 125

IF(KRCBY) 4%T79,4%75,4576

RRITE(N,L1030) HEADC1) 4 (BEELI)pI={oNY)
GO TO 1022

DN 4574 Iat,NY

82(1) = BER(I)/1,24 & FRV(K)*FHV(K)
WRITE(N,1030) HEAD(R2),(S2CI),181,NY)

GO Y0 {022

JF(KR(B)) 4610,4610,1999

WRITE(N:1021) HEADCS)» (BEECI) 131 ,NY)
G0 YU 1022

DO 4810 Jmi,NY
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4719
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61
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S2(1) =2 BER(I)/1,24 AFHV(K)AFRV(K)
WRITE(N,1021) HEAD(2)Y,(S52(1),I=¢,NY)
CON INVUE

LC=sLC+2

Li=}

IF(KR(8),EQ,1)LL=2
IF(KK(B)£8,2) ¢O 1O 4719
V3sFIP(IY)+BEE(LY)

V2 = FIMCIY)¢BEEC(IY)
IF(KR(B),FQ,1) GO TO 477¢
IF(NLGL,EQ,0) GO TOD 3070

G0 TO 4718

VISFIP(1Y)

vesFINeiy)

JF(NLGS.EQ,0) GO YO 3070

GO TU 47118

Viz1,24/FHV(K)
VISV3/VisFHV(K)
V2sVa2/V1 kMY (K)
IF(NLGEL,EQ,0) GO TO 3070
MRITL(N,1032)Vv3,Vv2,HEAD(LL)
GD TO 4721¢

WRITE(N,3072) v3,V2,HEAD(LL
CONTIMUE

LC=LC+}§

WRITE(N,103§)

IF(NLGL,EQ,Q ) GO TO 3076
WRITE(N,$040) HEAD(LLL ) HEADCLLL*$) ,HEADCLLA) ,HEAD(LLA®L)
GO YO 3077

WRITE(N,%040)

CONTINUE

LE=LC+s

CONTINUE

AKARARARKR R AR R AR R AR A AR AR R KR AN R AR AR AR A AR AR R R ARANARNARR KA ARRRARANAAKRSY
* LOOP oM LINLS *
RAKRRL | AR AR RARAAARR AR AR R A AR R AR R RA AR R AR AR RRRRRARAN AR AR RRARAARRR

t=0

DD 6500 J8 = {,NSL RADCL 34
108L(J8) = U8 RADCL 34
IE = KI » { ¢ lOSLCJIS) RADCL 34
V4 = XNOL(IE)»84025%CC3/RFACT

IFCISPEC,EQ, 1) GO TOD A0

IF(KRC4)»3) 80,8%,80

FINITE DIFFERENCE CALCULATION

DUM = 0,

LKe0

NPPL=1S

IFCJS,EQ, LINPPLaLG

1F¢J3.EQ'NSL) NPPL=‘6

IF(NSL,EQ.1) NPPL2Y{T

LKsLK+]

LeLet

XJRL & XJW

CALL MULEZ2(FHVS(L),2,J8)

00 501 lmg,NY : RADCL 35
PO 23 J=1,180

AIG(I,J) B AIG(l,J)¢AXGC(L,J)

THUCII=SECL) ¢ FMU(CL) RADCL 35S
8(1) # { @mAHVL(K) =TMSWL(K)

8¢2) 2 AHVL(K)
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302

D5

U475

6890
6891

4450

613

506
608

1326

1327
1330

1320
1329

1475

5(3) = =},

XI1(§) = XIMw

XIP(NY) = XIPOH

CALL  TRANSI(NY,DY,YIC,NICH,ALF,HEE,THU,S,81,82, TAUT,XIN ,XIP )
TECKRIG) LR, 1IXIPE)I=TMSWL(KI#XIP (1) =BEL (1) 2 (), »THSHL(K))

DO 302 LL=1,NY

FIMY(LLISFIMYCLL) S CRIMELLY eXIMUCLLY) ADUM

FIPTCLLISFEPTCLLYY (XIPCLLI+XIPOLLLY) ADJH

XIMO(LL)SXIMOLL)

XIPD(LL) = «IP(LL)

PRINT QUT PACKAGE FOR SUBGROUP FREGQUENCIES

IF(NLG,NE,. 1) GO TO 352
LL=t

IVY=NICN(1)

VISFHVS(L)

IF(KR(BYNELL) GO T0 4475
Li=2

Viat,24/FHVS(L)

IFINY, GTL10) GO 10D 6890

WRITE(N,Z0485) Vi, (TrUCT),1=1,NY)
WRIYE(N,2046) (TAUT(I) pI=)4NY)
G0 YO 659}

KRITE(N,1045) Vi, (TFUCT)Y,1=1,NY)
WRITE(N.1046) (TAUT(I),1=1,NY)
CONTIMUE

IF(KR(8),EQ,2) 60 TN 4UsS

V3 = XIP(1Y) + PLECIY)

V2 = XIM{IY) ¢ RELLIY)
IF(KR(8),,ER, L) GO TU 4440
IF{NLGL, 80,03 0 10 &0

GO TU 613

V3=XIPI1Y)

vz = XIM(1Y)

IF(NLGL,LG,0) GD TO 606

G0 TU '3

V3=V3/VI*FHVYS(L)

V2 = V2/VIAFHVI(L)

IFCNLGELEQ,0) GO T 606
WRITE(N,1043) V3,V2,HEAD(LL)

GO 10 608 -

WRITE(N,1042) V3,V2,HEAD(LL)
WRITE(N,104T)

LczLC+4

IFCLC,LT,45) CO TN 352
WRITE(N,3018)K

tCaS

CONTINUE

IFC{LKwl) 1326,1326,1%27

VI S(FHVS(L+{)=FHVSIL)InVY

6D 10 {329

IFC(LK-NPPL) 1328,1330,1330

Vi SCFhYS(L)IWFHYS(Lel))nva

GO 10 13z9

VY S(HHVSCL4Y. -FHVS L w{)}) VY
CONYINUE

00 2325 Jufi,NY

MPJ & 2

DO LUTH Jmi,aNYM
MPJ & MPJ ¢ § .
AMTCI MPJ)Y 2 AMT(I,MPJ) + WIM(1,J)svinFLl

RADCL 35
RADCL3S
RADLL3Y
RADCL 36

i
i
i
i
H
'
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2324
2325

[aXa Kokl

576
612

526
el

640

2365

350

168

MPJ = 0

DO 2325 kK={,3180

IF (KK ED,2) GO YO 232%

MPJ = MPJ+}

DO 2324 J=i,NY

MPJ = MFJ+4

Vo2 BFTCI,J)*A1G L) KKI4AT(T,J)I*ATT(J,KK)
AFT(I MPI) = AFT(I M) ¢ V »x VY
CONTINUE

DUM=(FHVS(L+1Y » FHYS(L))/E,
IF(LK,LT,NPPL)Y 6O TO 6501

G0 10 70

EFFECTIVE WIDTH CALCULATION

CURTIS GQDSON MODEL

I=NY

SMZ = SHDCLJS)/XNOL (1.

§ IS THE INTEGRAL UGF Tk LINE STRINGTH*HIDYW OVER SPACE

SL(JSs1) = SL(JS,1)+1,E=35

V7 = GAM(JIS,1)ASL(JI5,1)/8064,98

DO 610 J=2.NY
SLJS,JISSLIIG NI+, [=3S
VaGAM(JIS,J)*SL(J5,J)/B064,98

Vt = V/V7"1.

IF(ABS(VI),.GT, ,01) GO TO 576

S(J) & S(JIrideVT7aDYLJI~1IR(],¢VIa(,5eVI/24,0(VIn2,)))

6N TN 612
S(JI=S(Jat)eVTaDY(J1)/ALOGLV/VT IRV
v7uyv

V2 = SL{JS,J)/5LLISeIwY)

Vi s V2el

IF(ABS(VI).6GT, ,01) GO TO 526
VEaVEeSL (JS,Jag ) DY (Jmg I n i #VIn(,54V1/24,*%(Vingy)))

G0 10 515
VS3VS4SLEIS, Jm i) ADY Ly =) *V/ZALDG(VR)
S9(J)eVaaSBLJ) /80648

87¢J) = 2,*SGRT(8(I))

CONTINUL

C0D=C2/SMZ/8764,998

C2ch = C2C0S/5MZ

V5 = 0,

Ex =,

FIPT(NY) % wBEE(NY) #3MZ

Ve = &,

V3 = 0,

POSITIVE FLUX

DO 36' llan2,NY

vy = 0,

Vs = 0,

DO 2365 Jal,Ny

vysvs

VS a3 2,%3QRT(S(J)=8(2~1))n88(J)
V3aV3+(VhuVy)aSi(J)
SLIrV3/8M2/88{1=1)

V2 & V2+S81(1)*(89(1)=89(1~1))

?Tx=(vaosvt1u1)*sa(1~t))fSMZ/satx-t’
2ing

X 8 ,63662%(0TE/8L1)an2
§3n0TI/BEEINTI /X

.
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IFIX,6E, 4,0)G0 10 S61
IF(S3,G6,4.0/7%) GO 1O 361
IF(X,Le, 0.02) GO T 362
IF(S3,6T, 1,0) GO TO 36¢
ISULATED LINL
NOTE . (XLANR TS LADENBURG~REICHE FUNCTION
X{LAKR = X FC1 4 (1,457079% X Yas1 25308, 4
v = SKtQMztrLAH"
GO TU seC
STRONG LINE Fi SAUSER MaND MODEL

361 V4 = 83 ASURT( X /24)

V=i RE(Va)anHZ
GO YO 360
AAK LINE KODEL (MNTY LINEAR)«wAFTLK PLASS

362 V=(1,*EXPCeS32X))nSMZ
360 TERMISBEE(N]):V

TERMZZFIP(Y) =02
FIPT(I)=TERMY ¢ TF RY2

4991 FURKAT(SX,1P7i13,5)

365

coNvIMuE

523 FORMAT(2X,2713,1P7L12,8)

)YNOSJ('AC JYR,SI(LS IYNCIPIF )L CTHIF YL (LEB )BBS,6(ETIRW
Vo= wAHVL (K ) » 1Mol (K)
KALL® = 0,
WALLF = 0,
1F (ABS (FaP(S))..T t.£=33) &N YU 26
NALLh--H'.RHXI()’/(l +XI2E1P(1))
WALLW = ARINY (&L i w,S547)
WALLF = YERMY/w&L N

26 V3 = 0,

3949

237s

VS = SORT(GAM(.IS ,|)¢qL(JQ.!) *YY (1))
U T
L] l"‘v'

Va=0,

vid4 = |,

Vis = 0,

FINT(1)3 v9t\r!PTtl)tBtr(l)~5H7)08HZ*(AHVL(h)*BEFh-Btt(l))
FORMAT(10X,313,1P5%12,4)

HEGATIVE FLUX

DO 375 11=z2,NY

vs=0|

vi=o0,

JJ=11

D0 2375 J=2,!:

PLER S

VS 2 2,#85QRT(S(11)=5(JJ=1))/S8(JJ~1)

Vi 3 V3ieS1(JJ)x(Vhava)

305331 I1eJJ(8S, ) e JIiS)ITI(S,8V,5V,Jd,d,11 )9Q93,6(ETIRN

SLY = VI»8B(11)/3M2
‘ngzsatlx)/suZ‘(v1-$5(;)tS7(II)0HALLfc(NALL“oAHINl(NALLH;87¢II)))*
v9)

vq = Vi4

via = |, ISH(XI)

V8 = V&tSi(!!)*(V!M~V0)

V4 = Vis

VT =2 S9(I1)avVid

ViS = v7evid

V3 2 V3+S81(1132(ViS~vy)

UT] = SB(I1)/SH24(VSaVTRVB)

A= 463662¢(0T1/5L1)0e2

V4 s WALLW & 3S8(1I)

OT] a0T1(S5C1)a59¢11)eVIamwalLF 2 (VA-AMINE(VQR,59(113)))/8M2
V2 & BEE(I]I)nVOansLLFe85(1) .
VS 2 S8(J1)/SMZ4WALLFAWALLWAVD
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750

700
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775
400
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372
70
1370

37%

(2K alal

70

$00
6500
.
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e

Ve = BrE(I1)eS55(1)
¥V = 071evS
Vi0 = SLIa-vS
IF(37(II) JGTy waki«s) GO TC 700
It (S9(11) 6T, vé) 60 10 750

CASE §

X = ,63662x(V /Vi0)ax2
§3 = v /(V245B(11)4X)
GO TO 400

CaSt 2

X 2 (636624(0T1/VI0aV2/VE)aal
§3 = DTI/Z(V6aSB(IL)aX)
GO 10 40¢

IFC39011Y LGT, v&) 60 YO 775
CASE 3

X S ,63662¢(V /SLIaVO/VR)e%2
83 = v z(v2aSB8{11):X)
GO 10 400

CASE 4

X 3 ,636024(0T1/51.1)an2
€3 =2 DTI/(v2aSB8(11)#X)
CONTINUE
IF(X,GE, 4,) GO T0O 371
IF(S$,6E, 4,/X%) GO TD 371
IF(X,LE, 0,05) GO 10 372
11 (53,67, 1,0) GO 10 372
ISQLATED LINE
XLAUR = X 701 e¢(§457079% X Yanl,25)ne,l
V2= S323MZeX|ANR
GO YO 370
STRONG LINE ELSASSER BAND MODEL
Y4 = 83 ASART( X /124)
Ve = SMZI%ERF(vu}
GO TU 370
WEAK LINE MOOFL (NGT LINEAR) »nAF TER PLASS
V25 () eEXP{mS34X))aSME
CONTINYE
TERMY = V2aABEF(11)«88(11)
TERME 3 »§S5(1)Av2+38(II)
TERKI = FIM(I1)ASMZ N
TERMG = VvauALLF*Sa(II)*(HALLu-AMth:NALLN.VZ))
FIuT(1}) = TERME«TERM2¢ TERM3+ TERNA ’ - -
CONTINUE

END OF EQUI,ALENT WIDTH CALCULATION

DO 500 LL=z1,NY

FIIMYCLL) = FIIMTCLL) ¢ XNOL(IE) o PIMT(LL) RADCL.36
FIIPTC(LL) 3 FIIPTCLL) ¢ KNOLCIE) « FIPT(LL) RADCL $6
FINT(LL) = 0, RADCL 36
FIPTCLL) = 0, RADCL 36
CONTINUE _ RADCL 36

0O 303 LLBI,NY
DIPILL) & FIIPTC(LL) = FIP(LL) * CFIL RADCL 36
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DIN(LL) = FIIinT(LL) ~ FIM(LL) = CFIL RADCL 37
FIRFT(LL) = o, RADCL3T?
ETIMTOLL) = o, RADCL3?
TLERLLI=TLORILI 20 1P (LL) RADCL37
303 TLCOM(LIDI=TLOMCLLIsDICLL) RADCL3Y

Vi = FHVP(K) = HVM(K)~C} IL
CO 250 1=t,NyY

IF(I,E0,i DEX(1)) OQUTL(K,1) = DIP(])
IFCTFALREX(2)) QUTL(K,2) = DIP(])
IFCT L EQLDEXTE)) QuTL(K,3) = DIM(I)

€50 CONTINUE

IF(MLG,EG,1) GO YO 50
IF(KR(17).60,2) GO TO 50
I=MINO(NIC,10)

DO 51 LL=1,RIC
IY=KICN(LL)
S(LL)=DIP(1Y)

S1 S1CLLI=DIN(TIY)

92

7020

7018
7089

7017
702}

WRITE(N,L090)%,FHV(K), ( S(LLIY,LL=1,1)
IFINIC,GY,10) wRITH(U,1098)C SLL),LL=13,NIC)
ARTTE(N,10%4) ( SI(LL),LL=1,NTIC)

HRITE(N,109%)

50 CONVINUE RADCL 37

IF(KR(17),E0,2) RETURN
IF(NLG,EQ, 1) GO TO 7020

00 H2 Li=1,HIC

TYSNIUNCLL)

SCLLISTLCP(IYD

S1(LLY=TLEM(LY)

WRITE(N,16925 ( S(LL)SLL=1,NIC)
WRITC(N,1093) ( S1(LL) LL=1,NIC)
G0 10 702)

WRITE(N,1050°

WRITE(H,10N1)
WRITE(N,1053)HEAD(LLB) ,HEAD(LLE) ,HEAD(15) ,HFAD(LLLL) sHEADC15),

1 HEAD(IS) pHEADCLLLL)Y (HEAD(1S) ,HEAD(LLC+3) HEAD(LLC¢3),HEAD(LLC*3),
SHLAD(LLC+S)

V=0,

vi=0,

PO 7017 lx2y,NHY

IF(KR(8) NE.1) GO YO 7018
Vazl ,24/FRVP (1)

V6= ,24/FHVII(])

GO TO 7049

VS=FHVM(L)

Vb6sFRVIP(])
VIZOUTL(Z+1)/(VenVS)
VASOUTL (I »3)/(Vb=V5)
VEV+OUTL(I,1)
VI=VI+0UTL (L, 5)
WRITE(N,1052)1,V5,V6,V3,0UTL(2,1),V4,QUTL(L,3)
WRITE(N,$105%4) v,V!

RETURN ) RADCL 38
END .
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PRUGRAN MAINCINCUT,DUTPUT, TAPESSINPUT, TAPE6=OUTPUT)
CUMMON /ZHUNCOMZA (125, 123)
COMMON/ZINTCON/Ke (20) , K C10) ) RE(L0), 21, N
COMMONZLTRE/HVL (M), K1 KA, TLEM(PRD) , TLECP(25), NX1,1A(9) RADINO
LoM], X000 200,60 (2u ), XPH(L00) ,XR(20)
COMMOH/RAD/ZABV(S0) AV (25),01,C2,C3,C8,C%,0ELTA,EPS(160),FF(200), RAD
TFHV (2% ) o VO (SO b 3v 2t (2%5) y FHVPL2S) o FIMI (29), FIPL(PS) ok LL,FL2,FLLG, RAD
PFLGL,GAMP(R00)GHE (160), NAE S, NBLP,ND(200) ,NIC,NICN(2 RAD
BHY R NTRVL , WMV, LUC23) Y PRES(26) o TEE {20) » i)l (25), AHDL,
U YDEL Y YYC20)eCASE(I5) e TMSHES0), THSHL(2S)»THW,TOR
SERAD, 4 ALY, PHIP
COMMONZRADC O/ TT(RO) Ve (20) ,HHC20)»SP(1,20,8)
] 'T“[‘[AISVI'S‘."'SR}'“S
COMMON/ZEQPCON/SPI7 (01, 18.5P72(70),F,8P23L480),T,5PZ4(2a8),VN(60)
§ PYNU(a0,0) p P25 (187),TUPR,FAMDA(60) ,F AMDB(60) , TUPY
b eMEPENLO(3)KIN,KIUT  KKR(20),FSCTL068H)
COMPQN/ZPEPCON/PACSG) , hHU(20),SC(20),0APC(20).ARC20) ,XHULI(20)
] 2 YLELD(Z20)
DIMENSION FR(§23,1)
EoulvaLinCt (FR(1),A%(43))
224 FORHAAT(A6)
225 FORMAT(8E10,3)
2206 FORMAT(312)
227 FORUAT(RELD,0)
226 FPURMAT(312,F1d,6.37110,3,10X,A6)
Kincsh
KQUuY = 6
M=y
Nz6
Ca=t,
RFACYT = {,
DN 000 J=1,20
VMW (J) = 20,
TI7(J) = 3000,
DO 5000 1=3,30
000 FR(I,J) = ,0333333333
Y= 3000,
CALL RADIN
77 CALL CAD]IN
C2 & FLIADELTA
NDP=2
CALL NODEN(NOP)
CALL CONTNZ
PO 2 Izt,ny
TLCH(I)=0,
& TLCP(1)=0,
IF (KRC4) ,NE,2) CALL LINTZ

C EVALUATE NET FLUX (UR INTENSITIES) IN BYU/FT2=8EC (=STER)

DNt IsfyNY

I OR(I)=,8805A(FIPT(II=FIMI(II+TLCP(I)»TLCM(T))
Ir¢cq) 18,77,18

18 CONTINUE

$T0P
END
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SUBROUTIKE MU(HV,XAPNY)
INTEGEYR BETA,BETY

COMMON/CONTM/RCRC(20) ,NSBN,2(20) ,HVG(30),K5¢20),118(16),NIL,
HVT(30) #C85(260),1IL(30),155(30) ,IUBN(20),

1
2 XION(30),BETACS0),BETR(30),NSTE,NT,X15(240),J15(30),
3

TIHRE5(30),COLFA(30),COLFB(30),122

COMMON/EOQPCOM/SPZZ(?B1),1SDUM,5P22(70),PDUN,SP23(480),T0UM,
1 SPZU(2uBY,VN(60)Y,VNU(60,8)

COMMUN/INTCOM/KR(20),KQC10) pKF (10),M,N
COMMUN/LINE /56 (896),X1(200),L5(200),57(25)
COMMON/HONCOM/ZAM(123,123)

COMMON/PHRPCOM/PR(20) ,RHO(20),5C(20),CAPC(20),UR(20)
COMMON/RAD/ S1(B1),EPS(160),52(225),FHVC(50),5530(304),
2 GLE(160) sNAES,83(227),NINVC,5840(26)
3 eNY,PRES(20), TEEC20),54(25) ,XMOL,
4 YDELT,YY(20),55(92)
5,NRAD,RFACT,PQOP
DIMENSIUN LE(BYyXKT (L)
DIMENSION 15(20)
DINENSION RME3),RK(3),A(3),8(3),C(3)
DIMENSION Y( 1),4APNUCL,Y)
DIMENSION CEP(B)
DIMENSION XAPDUIS)
DIMENSION
1 DsL(123,1) , DA(123,1) , DaD(123,1) , AB(123,3) ,
2 WIM(§23,1) , AT(823,1) , wD(123,1) , GAM(323,%) ,
3 OLXBC(123,1) , AFT(123,1) , ABE(123,1) , BFT(123,1) ,
q sL123,1) , RRGC123,1) , AIG(123,1) , ATT(123,1) ,
5 TCN(123,1) , AIN(123,1) , AC(123,1) , hHT(xZé.l; v
& XNN(123,1) » X0€125,1) -
EOUIVALENCE T
1 (DSLC1),AMC1)) 5, (DAC1),AM(C104)) , (OWD(1),AM(2460Y);-
2 (AB(Y1), AM(2667)) ' (wlu(x).AM(a921)) e (ATC(1),AM(494y)) ,
3 (WD (1), AM(4961)) , (GAMC1),AMCU4981)) (DLXGti) AM{5001)),
4 (kFT(l) AM(5024)) , C(ABE(1),AM(%270)) , (BFT(1),AM(T7381)),
5 (sL(l)oAM(VHOI)) ¢ (BRGCLY,AM(T401))Y o (AIG(1), AH(&b?l)) ’
6 (ATT(1),AM(B691)) , (!CN(!)pAM(!OlﬂT}).(AXNCIJoAM(t?b?O))o
7 (ACCLY pAH(§2610)) p(AMY(1),AN(32650)) , C(XNN(3),AN(9964)),
[ | [

T B A ey o,
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(XQ(1),AM(10004))
EOUIVALENCE (KS(1),18(1))

DATA RM/,82,,82,,90/

DATA RK/,75,2,5,6¢/

DATA A/=, 187,o,120,°,817/

DATA B/42515,,600,1,170/

DATA C/=,078,0,,04/

DATA EE/0, 01 ¢r2.r8.00er840104420,/
DATA CEP/0,91,02¢03008,76,¢84010,/
ALOGT(R)3ALOGIG(R)

L=}

RY = 13,595

150 = SOt

ISP 2 o0 ¢+ )
1sP2 = 180 ¢+ 2
DO 380 I=1,NY
XEPNU(T,LY = O,
Ci = 6,292t=2¢C
JHY = §

HV3 = HV&HVAHY
P1 = 3,1416
SQA=7,25€=16
XLAMZL,24/KV
XIN = 0,

vV = HV/,431
1F(V,6T,84,) GO TOH 3520
vV = EXP(V)

XIN = (1,492E409)a(1 w8 /V)/((XLAH2S)A(Ve],))
CONYINUE

DNO=0,

ONZP=0,

LOY FREQUFNCY BwF AND Fef . ONTRIBUTIONS FOR ATOMS AND 1ONSwe==~
wewemmaf ROM BIBERMAN AND NURMAN

1F (NSBN,EQ,0) GO TO 935

13 =0

DO 62 [Is31,NSBN

12 = JOUBN(IL)

Z2 = 2(l12)*2(12)

Ep a Hv/Z2

00 777 K=2,8

IFCEPeCEP(K)) T74,774,777

CONTINUE

XI1(11) & XIS(1J+K) )

GO Y0 773 . _

XICIIIRXIS(IJ+Ret )4 (XISCIJHK) o XISCII#Kn1) )/ (CEP(K)uCEP(Kel)) :
% (EP=CEP(Ke}))

1J=1J¢8 .

CONTINUE o

CONTINUE

SET UP FOR CONTRIBUTIONS FRNM INDIVIDUAL LEVELS . v

130

IF(NIL,EQ,0) GO TO 83S
DO 35 INs{,NIL
VaHVeNVY(IN)

IF(V) 9195,%7,37
CSCIN) = 0,

GO YO 73

|
i
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37 000 77 K=2,8
IF (vl b (KY) Ta,74,77
77 COHNTINUE
CSCIN) = C3S(IJ+8) & 1, t~i8
G 10 73
T4 CSCINI=(CSSUIJ4KmI )+ (CSSLIJ4K)I@CSS(TJeXK=1) )/ (EE(KIPEE(K~1))
! A (VetbE(Kel))) x],E~18
73 1J = iJ + 8
35 CO4MNUE
835 CONTINUE

SYART SPATIAL iLUOP

DO 38 I=f1,NY
¢O 880 J=i,1S8P2
880 BRG(I,J) = 0,
TEL)Y = TEE(D)
XKTI{L)=TEE (1) xPOP
Tt = XKT(L)
XXSHV/XKT (L)
V = EXP{2XX}
FPC = 1y~ V
DLEPC = eVaXX/tpPC
DBN = 0,
JK = 1§
IF (NSHN,EQ,D) GO T 82S
DD 60 11=1,NSRAN
12 = IGBNCIY)
ICH = J16(12)
2 = (1) % s012)
V = AMINL(HV,HVG(II))
v2 = §,
IFETCL) (GE, TTMRES(11)) V2=COEFA(YIII+COEFL(II)AYLL)
7260 CONTINUE
VS = (VeXION(IR))/TY
IFC12,EQ,IS(JIK)Y ) 6N TO 700
V4 = XNN(I2,1)%2,#XQ(12w8,13/X0(12,1) ATEL(I)/HV3wZ2AX]I(1])#
1 (EXP(VS)+CL) ave
BRG(I 1) = BRGCIs1) = VUK VS ¢ DLXO(I2,1) » DLXA(I2w1,1) )
GO YO 4004
700 V4 = XNN{I2,1) & TEECD)I/NVIAZ2aXILIIIX{EXPLVO)IACL) aV2
BRG(I)1) = BRG(I, L) » V4 = V5
JK = JK ¢+ |
4004 0BN = DBN + V4
IFCICH,GT,180) GO TO 4001
BASE SPECIES CONTRIBUTION
BRG(I,1CHe¢R2) = RRGCL,ICH+2) + Vi
60 YO 60
NON UASE SPECIES
4008 DO 4005 1AB = 1,180
4005 BRG(I,1AB¢2) = BRG(I,IAB¢2) + VUAVRUCICH,1AB)
BRG(I,»§) =2 BRG(I,1) # VA*TCN(ICHelS80,1)
60 CONYINUE

825 CONTINUF
CONTRIBUTIONS FROM INDIVIDUAL LEVELS

D18 = 0,

IFINIL,EG,0) GO YO 84S
DO 440 IN=§,NIL

Jd # IJLOINY

JJJ & 1938(IN)
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IcH = JIS(JIII)
YO = «EPS(JIY/XKT(L)
V o= CSOINY & XNN(JIJ, 1)

e e N

Vi o= GFE(JJI /X (I3, 1)
ve = EXIP(Vv0)
V3 = vivisy2

D18 & DIS ¢ v3
BROGCI 1) = BRG(1,1) & VIR(L, V0 + DLXQCIII,I) )
IFCICKH,GT,IS0) () TU 4010
C BASL SPECIES COMTRIBUTIONS
BRG(I,ICH+2Y = BRG(I,ICH+2) « V3
: GO TO «u0
4010 00 401y Iaw = {,IS8e
A011 BRG(I,1AB¢2) = BRO(L,TAB&2) ¢ VIaVRU(ICH,1AB)
; BRG(Te:) = BRE(I,1) ¢ VIXTIUNCICH=150,1)
‘ 440 CONTINUE
; 845 CONTINUE

[

C CONTRIBUTIONS FpR IMDIVIDLAL HOLECUL AR BAND SYSTEMS

[

; C NOTE MAX TLMPERATURE LIMIT FOR MOLECULAR CURVF FITS

’ TCL) = ANENICY(L)»15000,)

: XKTCL)Y = AMINLCXKT(LY,1,4293)
JI = NSTi+

B IFCILIS(1)) 307%,307%,700%8

; 7301 ANZP = XAN(JI,I)

- J1 = J7 ¢ 1§

5 CotesoN2+ CONTRIRUTION FRON RIBERNAN AND MN,

: 002 IF{HV=-2,23) 307%,3074,5074

f 3074 IF(HMV=d,46) 3073,307%,3075

! 3073 IF(hv=3,35%) 3084,3004,3083 ‘

i 3084 DNPFRI(AN2PRY b miBYatn kala) ] BThah TTaHVND 9IaHVAAD) :
G0 10 307S i

i 30L3 ONEP=(ANaPAY L= 103nlo w¥(=U9,08640,516, 40022 T(.)w0,R25577Ew0bLRT(L) j
¢’ TRR2EHVA (S0, htbwo oaa‘t-uP*Y(L)oo 156U0E~06aT(L)AX2)4(HVAAZ)n (ol S ) i

2668“00,03903E-03*1(L)-0 19§u5£~07‘1(L)*!2))
3075 CONTINUE
IFCIISC(R2)) 2525,2%2%,7003
7003 ANO = XNNCJI, D) : =
JI = J1 +
Cg....NU ULTRAVIOLEY COUNTRIBUTION FROM BIBERMAN AND MNATSAKANYAN
606 IF(HV~135,%) 2511,2%11,2925
2511 JF(HV=5,0) 2520,2570,2513 :
2513 JF(HVeb,65%)2514,25%19,251% :
2514 DNOS(ANO*Y ,Ea{B)~)j0,08% (el ,26T734HV+0,68267)
GO TO 2525
2515 IF(HV=~10,) 2517,2%17,251¢6
25147 DNU=ANn*1,9t-18
60 TO 2525 f
2516 DNOSCANO®L E=1B)8(R9,75=19,1250HV+1,0338HV%22) '
GO TU 2525 : ;
t
1
i

CeseeosNO VISIRLE CONTRIBUTION FROM BIBERMAN AND MNATSAKANYN
2520 IF (Hy=2,7) 2525,2%21,2521
2521 DNQ=a(ARNS L E~1B8)810,%k(=3,402000,11509E"02%T(L)40,15999Lw06AT (L)%
124HVA (=2,370040,10952Ew02%T(L)=0,10099E"06aT(L)w*2)+(HV£22)#(0,575
2UG =0 1 T24EAOIATCLI+0, 138740 =07 xT(L)*%2))

2525 CONTINUE .
Mt ¢ DXYGEN MULECULAR CONTRIBUTION [
o IFQII8(3)) 18,18,7005
7005 AQ2 = XNN(JI,1)

JI 3 JI + ) L
i3 IF{HVe3,) 18,4305%,1305 |
1305 IF(HVaT,) 1301,207,207

ke,

o
i 176
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!

207 TF(HV=9,2) 208,208,118
208 DO2=AU2%U00,0%SURT(TANHL0,097S/XKT (L)) IACXP(=TANH(0,195/(2,0%
IXRTLL) ) A ((HY=8 '1)/0,B809)%02)/2,68TE+|9
GO TO A
Cpooae SHUMANSRUNGE BANDS FRON BIBFHMAN AND MNATSAKYN
1304 DU2R(ANIAY E=1B)YAI0,**+(=~23,81340,00509E~0P*T(L)n0,24545t=06%T (1) %a
12+HV*(6.2102-0.10SHﬁL-02*T(l)+0.(hiqatvol*T(L)**z)'(HV**Z)* 04410
2340, 71400 =0dxT(L)~0, 47115087 (1.I2%2))
c NITRUGEN MOLECULAR COMTRIBUTION
18 LN2=0.0
IF(I15(4)) 2010,2080,7007
7007 AN2 = XNN(II, 1)
JI s Ji + 1
61U JF(HV=6,5) 2550,209,209
209 IF(HV=32,77)21G,10,2010
210 IF(HV=10,5)211,211,03¢
Cresa N2 BIRGEL HOPFIFLD DATA FROM APPLIL WD STEINBFRG FOR HV LARGER
C THAN §0,% EV = AND 820" ALLEN ET, AL, TOR BV LFSS THAN 10,5 EV
211 DNg= (ANal?,ﬂe£019)*'YP(L,soab*(°1u 571*».*9 BLE=03AT(L)¢0,86981E=0D
1TRTCL) 22 24HV (=0, G0 000 40, 61168070321 L)=0, 01L60E'07*T(L)**2)
P2r(HVAA2)2(0,12505~0,883420" D4rT(1It0,268353E=082T(L)AA2)))
GO TO 20%0
212 DNR=(ANZ/P,52E 419X+t XP(2,3026% (=30, 30640, 71703k=024T(L)=0,46157C=0
$OATILIAA24HV AU, 10320, 70919t =03-aT (L) +0,520UPF=07*T(L)R22)+(HVA®D2)
22 (~0,56701L~0140.16P8L~0UaT(LIm0, 1276 E20821(L)I"A2)))
6N TO 2010
CoevoelN2 LOW FREQUENCY RANDS (3¢ AND 24) FROM BIBLRMAN AND MN,
2550 IF(HV=a,.) 2651,25%1,2010
2551 1F(HV=Q,7%) 2010,2%%2,2552
2502 DHRZB 220 AN A0 AA (=] 42, TBAHVWO BRLIGARVA*DrD (96/XKT(L))42,E=17
TAAN2AI O Ra(m] /108, G ouHVa) J32aHVR*28T 20/ XKT(L))
c CO CONTRIBUTION
CooeasCO FITS CHLECKED AGAINST wQODWARDS DATA JAN~6B
2010 DCO=0,0
IF(IIS(™)) 118,118,7009 -
7009 AC(Q = XNN(JI,1)
J1 = J1 + 1}
615 IF(HV=4,27) 118,220,270
e20 IF(HVeo30,6) 221,221,118 .
~22y IF(HVeT,75) 2000,2000,200% -
2000 XIG=1.492F*05*().-EXP(-NV/XKT(L)})/((XLAM**b)*(tXP(ﬁV/XKT(L))'l.))
ARGE®]7,09%1,37HL =032 T (L) =g 058bkw0b T (L)AR2¢XLAMK(b66,94+11,T6ERQ3®
{1TL)m0,TOTE=OORT (L) ARR)
DCU‘ACU*EXP(Z SOZHO*hRG)/XIG
GO T0 118
2001 DCO=AC O*EXP(-Z.Soabql(1d7.6'1036.*XLAH*Q&ZO.*(XLAM:*Z)))/XIN
c HRYDROGEN MOLECULAR CONTRIBUTION
CoeeeoHe LYMAN AND WERNER CONTRIBUTIUNS FROUM WEYXSNER
118 DH2R0,0
IF (118(6)) 2536.2536.7011
7311 AM2sXNH(JI,1)
IcHsJI8WJN)
JI 2 JI ¢}
616 IF(HY=3,65) 258,222,222
222 IF (HV=2%,)223,223,2538
223 IF(HVY=15,50) 10R3,1R24,i24
1023 JF(HV~{0,) 2530,2535,2534

2531 IF €Y (L),GE, sooo Y GO TO 912%
DHRE (AH?*l F 103*10 *alwi20,7340,1751GE012T(L)w0,87070E=06*T(L)ax

f12+HVa (17, 526 0, PbeN!-O’*T(l)OO 1?097F-06*T(L)**d)*(HV**ZJ*("O 625

227+l ,BblSQF'OQ*T(l)'O 4100&?-08*?(‘)**3))
DDDLT=DHAACT(L)*(0,475315F«01=], 74152k =002T (L) ¢+HVR (=D, 24654002
1 +0, ZHXQMF-OQQT(L))#(HVA*Z)*(O BOIGUE~04=0,85604L=0841(L)))

e t2.30259-$.0)
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GO 10 119

9125 DH2R(AHZAL b1 2)&10, 2411 ,51340,15839w08AT(L)"0,18789L=06xT(L)RA2
JHRVE (o] o 2584m0, 181600 ~05AT(LI40,3126TEOTAT(LIRX2)+(HVA*2)x(0,3294
JIE=0140,892720 05T (1 )=0, 17775L=032T(L)a%2)) +DHR2

DODLYZDHZ2 A (Y (L)IA (0, 15659L w030, 285/0=06AT () JtHY {0 13165LwD3
1 40,62530bs0ToT(LI)+(HV*42)%(0,8927 E=05%0,35550E@084T(L)))
& *%2,30259-4,0)
G} 10 119
2530 JIF(HVe6,2) 2532,257.3,25353
2533 DHR=AH242,5E~18
DDDLT==DH2
G TO 119

2532 IF(HV=5,3) 2534,2534,253%

2535 DH2a(AM2H1 Ew1B)*10,0a%x(=207,7840,55206Ew08AT(L)=0,4409BE=0SAT(L)In
122 +HVR (66,9170 179“3Fr01*1(l)#0 1Au73t o:*t(L)*t2)+(Hv‘t2)*("5 37
26740, 145876-0?*7(\)-0 1187?&-06*1([)**2))

DDDLY DHEH(TCL)IA (0 ,55206E ~011 =0 B8196E~052T(L)4HVA(w0,17948E=01
1 ¢°.agqabk.05*1(L))o(Hv**a)a(0,lab&]E-02~0,2374Qt-06*T[L)))

2 %2,30259+1,0)

60 1O 119

2534 DHES(AHZ* | E~1BI%10,04x (=5, 2820~0,2THI2Fw03xT(.1+0,20715E=06%T(L)x
1£24¢HVR (=5 1687+0, ?avune~0211(L)~0 1b051h106*T(l)ttZ)f(HV*tZ)*(O 96
2364e0, 3ﬂ07?f'03*1(L)+0 llBOE-07tI(L)*tal)

PODLTZDHZR(T(L)I (=0, 278121 =0240,41430Tm06KT(L.I+HVA(0,24948E~02
1 w0,32062E-06nT(L))t(nv*-a)*(-0,3407d£~03¢0,08360t-07iT(L)))
2*2,302599~1,0)
GO TO 119
124 DH2=ANR210,0%%(w]?,1940,0624(HVe16,0))
DODLTs=DH2
119 BRGCI 1I=BRG(L,1)¢DDDLTAXHOL
If (ICH,GTLI80) GO 7O 2020
BRG(T P ILRY)SOKG (L, LCHE2) tUMen ML
GO TO 2%38
2536 DO 2537 1AB=1,130
2537 BRG(1,18B42)=BRGCI, TAB+2) ¢DH2AVNUCICH, JAR) #XMOL
BRG(I,1)3BRG(I, 1) 4NDH2-TCNCICHNISO, 1) xXMOL
2538 CONTINUE
c CARBON MOULECULAR CONTRIBUTION
pCe=0,0
. IF C1IS(7)) 1303,1303,7013
7013 AC2 = XNN(JI,T)
ICH&JIS(YI)
JI s JI + 14
617 IF(Hv=y,8) 1303,224,224
224 IF(Hve6,0) 225,225,1303
c,:...FREYMARK
225 DC2saCan( +10,0nn (w25 41¢f, 960KV
120,096kHVRA2))
1F (HY=5,35) 125,126,126
c'gOQQFDX'HﬁRTlBERC
125 DC22DC2¢AC2A N 0RR (w27 044U, 2USuHV=0 4804%HVRAR)
DDOLT==DC2
IF(RV=3,) 1300,120,120
c :. .SWAN

3300 DCR5TZ ¢ ({,Ert aRC2I410 #A(=51,14440,59285E=024T(L)w0,4322Ew064T(L
S)ttBQHVt(GO Bol=0, 47230LvoatT(L)+o 15379t-06*1(L)tta)otnvtta)n(-a.
2089240, 95369E-03*T(L)-0 75682F-07tTtL)t*£))
oboL Y= DOOLtoDCZSTt(T(L)*(O S9285F=02%0,8644E~06xT([.)¢tHVA(» 4TR3S0k
§02+0, 70798F-06iT¢L))¢(H~*ia)t(o 95369t~03-t.4736“Eo°7t?(k)))

2 %2, 30259*!.0)
DCERDC2¢0C28T
GO YO 120
CoooogMULLIKAN
126 DCEDL24AC2K10 4k (w16,742,#(5,35nHV))
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DOOLY==DC2
120 BRG(1,1)I=BRG(T, 1)40DNLTHXMOY
IF (ICH,GTLIS0) G0 TO 1310
BRG(1,1CH¢2)=UNG(T, ICHE2)+DCAAXMOL
GO TU §1303
1310 DO {302 1AB=1,I150

1362 HRG(1,1AR2)= RG(T, TAB42)4DC2#VNU(ICH, 1AD) &XMOL

BRG(L,$)=BRGUI,$I+0CAXTCH(ICH=180, 1) xXMOL
£303 CONTINUE
C CN CUNTRIBUTION
DCN=0,0
IF(IIG(8)) T7004,7006,701%
7015 ACN = XNN(JI, 1)
JI = JI+t
618 IF(HVY~0,8) 121,220,226
@26 IF(KV=b,) (227,8277,121

1227 DCMN=(ACN*{  Em10)A 0, %2 ("] ,396240,19982L~038T(L)=0,406TBE=QT#T (L)%
12+HVA (0, 6B71=0.101440=022T(L)40,b6078IE~072T(L)x22)¢(HVE22)s(m2,909

2740, 05012 =034T(L)0,26033L=07*T(L)A%2))
IF(HV=2,) 121,1220,1228
1228 DCNSDINAACNRYQ, 34(~01,06¢13,760HVaY GUCAHYARR)
12t dCeo,
7004 CONT)HUE

C NEGATIVE T0OM CUNTRIGUIINNS
CoesosC™ CONIRIBUTION FROM SEMAN AND BRANSCUMB
XCM = 0,

IF (118(9)) 0605,6605,3701
3701 ACM= xuMN(JY, 1)
ICH=J15(J1)
J1 = Ji+¢
6601 JF(HVna{ . 2K) AANNOAADD . AAOD
bo02 XCH = XCM + ACM t §,4l=y7
BRG(I,1)=8BRG(I, 1)~XCM
IF (ICH,GT,1S0) GO TO 6603
BRG(L, ICH+2IaLRG(T,1CH+2) ¢+ XCH
GO 70 660%
6603 DO 6604 l1Ab={,IS50
6604 BRGCI,IAB+2)=0RG(Y,TAB+2)¢XCHAVNUCICH,1AB)
BRG(I,1)=BRG(L, 1) #XCH&TCNCICH=150,1)
b60S CONTINUE
6600 CONTINUE
CesvaqHe CONTRIBUTION F* 1 CHANDRASEKM IR AND ELBERT
3700 XHM = 0,
IF (11S010)) 6%506,6506,3703
3703 AWM = XNN(JI,1)
ICHJIS(JIT)
JI & Jl+dg
604 IF(HV=13,6) 2500,2500,2502
2500 IF(HV=~0,75) 2502,250G1,2501
2501 IF(HV=1,3) 6500,6%00,6%01%
6500 XHM = (AH"".E"T)*('“.&"-"15‘HV)
GO TO 6508
6501 IF(HV=6,) 6€502,6502,6503
6502 XHM = (AHMAY Ewi /)& (6,765, 7aHV+0, 1258AHYAR2,)
GO TU 6508
6503 XHM 2 (AHMAL Ewi7)a(3,5%0,5354HV+0,02254¢MYx42,)

--6508 CONTINUE

BRG(1,1)SRRG(T, 1) wXHM
If {JCH,GT,180) GO TU 6504
BRG(I,)ICH+2)IBRG(I,ICHE2) ¢+ XHN
60 10 6506

6504 0D 6%0% lABx1,1S0

6505 BRG(1,IAB*2)3BRG(I,IAB+2) +XHMAVNU(ICH,1AB)
BRG(I,175BRGCY) 1)+ XMMRTCNC(ICH®180,1)

MU 06
THIN
THIN
THIN

MU 06

My 06

MU 1”7

MU 07

MU 07

My 07
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6506 CHnTINUE ,
2502 ConYInut ' MU 07
Cs5 CUNTRIBUTION

el ol

3702 DL = 0,
T (J1SC(11)) &512,6%12,3706
3706 4k (HV=3,%) 3710,3710,370%
: AT710 IF(KV=2,8) 3705,3711,3711
3 3711 AC3 = XNNCJIT, 1)
ICH=JI8IT)
J1 = Ji¢g
1712 CONTINUE
DC3 = DC3 ¢ AC3x3,Eel7
SRG(I,1)=BRGC(I,1)-DC3
IF (ICH,GT,1S0) 6D YO 6510
' BRG(I,ICH+2)=RRG (I, ICH+2)+D3AXMOL
' 60 TO 6512
: 6510 DO 6531 1AB=1,1%0
' 6511 BRG(I,IAB+2)=RRG(I,1AB+2)40C3I*VNUCICH,TAB)AXMOL
: BRG() ¢ 1)2BRG(I,1)4DCIATCN(ICHeIS0, 1) 5XM0OL
6512 CONTINUE
370% CUNTINUE

e e e e e e e e e e e,

S10 MOLECULAR CONTRIRU™ION X(SICMA)=A(PT) TRANSITION MABGY2/72
MINUS 18,0 MAS BEEN ADutD T3 THE CUEFFICYIENTS Or THE FIT TO LDG MU
TO CORRECY FOR YHE NURMALTIZATION AND DUES NOT APPEAR AS A SEPARATE
FACTOR IN DSIQ
LSIN=0,0
: IF(YIS(12)31799,1799,170%
i 1701 ASIO=XNN(JI, 1)
: ICH=015C01)
‘ J1=J1+1
‘ TTH=T{L)
IF(T(L),GT,B000,0) T(L)=8000,0
1710 JF(HV=4,1)1799,1711,171}
1731 IF(HV=6,2)1712,4712,1799
1742 IF(HV=4,62)1720,1/20,1783
1743 JF(HV=4,B85)1728,1724,1714
1784 JF(HVe4 ,95)8722,1722,1715 :
$§715 IF(HV=5,70)1723,1723,1724 ‘ i
1720 DS10= Asxu*to 0ax(e2)5,6447840,0UB9609622T(L)w0,32952003Ew05¢T(L)nn : |
124HV (89, obsaaa 0, 02?53869f*1(L)OO.!55281Q8E-05tT(L)**2)0 f H

OO0

2(HV**2)*(-9.950510560,200u8766t-02‘T(L)-O,16307631E-06*T(L)t*2)) !
¢ DODLT 12 THE DERIVATIVE 0F NSTI( WITH RFESPECT TO MATURAL LOG OF T i
DODLT=DSIO*CT(1)A(0,04896096220,65904006E=05wT(L)¢ |
LHVA(=0,02253289740, 51056296E=05411%))4 ‘ ' f
a(HV**B)ﬁtn 260U2766F=0220,36615262 “CaAT(L))In2,302585093=1,0) . ;

GO T0 17%0 :

1728 DSI0=ASIDA10,04%(U011,5523%1,6253812+4T(L)+0,14197259L«03aT(L) %02+ i
1HVA(e{723, 021840,695435224T (L) =0,60703645En04¢T (") h%2)+
;(HV**Z)*(lﬁﬂ 108760, 074553a1a*'(L)00 bﬂﬂ6a5°7£-05*T(L)*iZ))

DDDLIEDSIOR(TCLYA (w1, 625381240,°8394518E=03xT(L)¢
1HVA(0,69542522+1,21407290b 204 T (L) )+
B(Hvtielﬁ(-o 07435381841 ,29729014E=0547(L)))n2,302585093n1,0)
GO 10 1750

1722 DSIOZASION10,004 (13711 ,562%5,226140T4T(L)+0,43743603C=03aT (L) 4224 o3
FHVR (=5560, an7a¢g.s:60029«xtL>-o 1771!9995o03tT(L}**£)+ ,
2LHVEA2) % (563,03368«0, 214179’017(L)+0 17928935E=04n T (L) *22))

DDDLT= D%Inacvtt)*(-a.Zeb:ao1¢o a7aa7aoat-osa1tua¢
!HV*(2.1160029~0.35023998L-0$*T(L))*

2LHV*R2) #(=0,2141792040,35857870E=04%T(L))In2,302585093=1,0)
CO YO 17%0

1723 DS10=A510210,044(63,966757"0,0454937544T(L)+0,3894T047C=05%T(L)ne2
LoRVK (=33,36212640,017452372aT(L)wi (14761 26Em054T(L)k02)¢

D R R

FLYPPRURTERN

180

: - L o,




TR WA A RO 4O P SR OO T O RN e e g < e

F
X
&
g:

PIHYAX2I* (3, 36500290 ,16030653Ew024T(L)I+0,13993078Ew0bAT{L)x2))
DODLTSESINACT(LIA(=0,045491754840,77874094La0%AT(L)¢
FHV2 (0, 017452372-0,29572252E m0S%T(L) )+
2(HVA32) % (=0 164350653E=02+0,2T7917356Em06%T(L)))*2,302585093w],0)
GO YO 17%0
1724 DSIOSASIU*10, 025 (=692,95208540,35277203¢T(L)r0,11407STSEnQUnT(L)Rx2
1VAC230,3B067~0,051035522%T(L)v0,37860043Em05+T(L)4%2)¢
2IHV*22) 4 (w19, 60940140.025051845 0247 (L )a0,3130B8440E=060T(L)%%2))
DDDLT=DSINACT(LYRC0,15277203=0 22R,S150E«042T7(L )¢
LHV A (=0,0%1035522+0,75720086E«05%xT(L.) )¢
SUHY» A2, k{0, 4250510UEm(2m0,62616880L~064T(LY))I"2,302585093=1,0)
c DODLT==DSIO tF My 1S HELD CONSTANY WITH RESPECT TO TEMPERATURE
1750 IFCT1TH,G1,8000,0) DOPLT==DSIO0
BFG{L, 1)=BRGCT, 1) +0DDLT*XB0L
1IFCICH,GT,150) 60 10 4770
BRG(I, ICH+2)s0RG (1, 1CH+23+DSI0aXMOL
GO 70 {1799
1770 DO $775 IAB=z=1,150
1775 BRGUI, IAB2)=bRGCT, TAR+2)+DSTUAYNUCTICH,188)xXHOL
BRG(I,19=BRG(1,1)4DSIVRTICN(ICHNISO, 1) aXMOL
1799 Colylnyt
CovogaUn CONTRIBRYTION FROM CHURCHILL,ARMSTRONG AND MUELLER
X420 0
1R CII5013)32510,2510,7017
7017 ADMEXHN(JT, 1)
ICHRJIS(II)
Ji=Jl+l
605 IF(Hvell,) 2503,2503,°7510
2504 1F (Hv=3,5) 2%0%,2506,2500
2505 XUU=ANMsG, 2t =18
GO 10 7625
2506 I (Hv=5,7) 2%07,2%07,2508
2507 XN'1=AOM* ], telfa(16,16-0,818aHY)
GO TO 702%
2508 XOMZAUMA ) qFEmifa(15,58~0,4534HY)
CooveaWITH ND TEMPFRATURE DEPENDUNCE, D(XDMY/OLNTReXOM
3025 BRG(1,4)2BRE (1, 1)=xX0H
IF (ICH,GY,180) GO 10O 7019
ORG(I,)1CH+2)=BRG(Y, ICH*2)+XDAW
GO TO 2510
7019 DN T702% lAB={,:I50
7023 BRG(I,IABe2)=bRG(T, LARE2) +XOMeYNY(ICH,1AB)
BRG(I,)1ISBRG(TI 1) ¢XON*TCN(ICHeIS0, 1)
2540 CONTINUE
IF(KR(1)4F03) GO TN 360
XAPNUCT LISEPC X (UBN ¢ DIS ¢ XCM ¢ XHM ¢ XOM
| *XMOLA(DEN4DHAADC24DEHEDD2¢ONA+ONQEIN2PIDC3+DSI0))
DO 7020 Jid=i, 18P
7020 BRG(I,JIJ) = LPC*URG(L,JITJ)
RRG(X,1) = ARG(I, 1) « DLLPCAXAPNU(L, LY
IF(KR(13),EQy3) XAPNUCI,L) = XARNULL,L) / RHOCT)
GO TU 38
300 V = 0,
FEOXXL.T9B85,) V = 5040,xHVI/(EXP(XX)w],)
V 5 V/EPCaXX/TEEC(D)
Vi 8 v/( EPC x (DAN ¢ DIS ¢ XCM ¢ XHM ¢ XOM
i ¢XMOL & (DLOLNH2+DC2+DCNEDO2+4DN24DNDEDN2P+DC3+D810))
IF{JHY,E0,1) 6OTLD 323
XAPNUCI, L) & XAPNUCE, LY ¢ SaHVD=(VI¢XAPO(I))
3123 XAPO(I) ® Vi
38 CONTINUE
IF(KR(L)ed) 36%,341,3%%
341 IFCJMVaNERVC) 346,347,347
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Sd6 JHVY = JHV ¢+ |
HVD = FHVE (JHVISFHVL(JRVeY)
HV 3 FHVE{JIHY)
6N TU 350
347 DO 382 I=1,NY
Vs TEF(I)#TCEC1)* TEE(I)
Vv 7,2189E-12
: 382 XAPNU(I,L) = XAPNU(I,L)/V
; 355 CONTINUE
DG 4500 I=1,NY

; AT3(141) = 0,

. AlG(I,2) = 0,

i DO 4600 JJ=1,15P7

: AIGCL 1) = ATRC1,1) ¢ BRG(I,JJ) & AINCIJ,1)
A1GCI2) = AIG(1,2) ¢ BRG(1,2Jd) & AIN(JJI¢8, 1)

4600 CONTINUE

DO 4700 Ii=3,1Sp

AI1GCL,11) = 0,

DO 4650 JI=1,18P¢

InX = B#(TIel) ¢JJ

AIGCI,I1) & AIGCI,1I) + BRG(I,JJ) *= AINCIDX,1)
4650 CONTINUE
a7¢0 CONTINUE
4500 CONTINUE

IF(KR(13) L NEL3) GO TD 4660

0 465% 1=\ ,NY

DO 4655 Jal, 18022

IDRL 2 Ba(JIwl) 4 2

IDX2 = Ba(Jml) ¢ 1

AIGCT. M) = ATG(I J)/RHOCIY ® Y PNUCT,LISCAINCINXL,T)eAINCIDX2,T) )
i 4655 CONTINUY .-
{ 46060 COnTIMNUT 5;

R S bt i 8 At e L PP o s

: RE TURN i
END ,
: H
] :
i
i {
: 3
i <
? N
; : ;i
: ; :
, j
i £
i " 3
el 3!
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SUBROUTINE MULE2{FKHVS,IDX,J5)
INTEGLE AFTA,IAMDA

COMMUNZCONTM/MCRC (20, M50N,2(20) yHVG(30),KA(L0),115(16),NIL,

1 hVT(30),CST(240),TTL(3C),185030),1Na8N(20),

] XIONCI0) A TAC30),RETBLS0)NSTL,NT,x15(240),J15(30),

3 TYHKES(R0),CLolF AC30),COLFB(30),122
COMMUNZEGPCOM/SPIL(281),19,SPT2(TY)  ,SF23(48L) ,S5PZ24a¢308),

i VMU(B0,RY,)SPLSC18T),19P2,FAMOA(L0) (FAMDBL60Y,1I9P,

2 NICK

COMMON/EQICON/EPZT(B) s AA, S /8(3T) A (14,147 ,S5PZ9(257),1C(60)
COMMUN/INTCUM/AR(20),KQ{10),KV(I0),H,N

COHHON/LINE/HVL (200),K1,K2, TLCM(25), TLCP(25), RXI+1A(93 RADINO
LRI XNOL{200),50200) ,FXPNCR0G2 ,XR(20) ,KGP,INDSHL(2)
2s5(200),51(2C7),52(235)

CUMMON/NONCGM/ZA1(123,123)
COMMON/PRPCOM/PR(20),RHO(20),5C(20),CAPC(20),UR{20)

COMHON/RAD/ZAHN (50, AHVE(25),C1,C2,C3,CU,CO,DELTALEPT(160),FF(200), RAD
SNV (29) pFHVE(50) 8 KVIH(259) ) FHVP(25) , FINI(25) ,HIPTLZ25),FLY,FL2sFHLG, RAD
2rLG1,GAMP (200) ,G0F (160), NALS,NBLP,~D(200) ,NIC,NICN(2 KAD
35) s RIBVE A NHV NU(25), Y, PRES(20),TME (20), 0L (25), XMOL,

8 YDELT,YY(20) -0 abr (18) THSW(S0) e THSUL (25), 14,103
SeNRADHHFACTyr v

DIMC ISIDY ALF <(R)BFTA(BY,DEL(B) , XIC8),SLA(B) SLE(BY;SHA(B),SHB(BIMULE 04
1,5L05.¢¢SIAS(BY,51A5(8),54BS(8)

DIMENST . SORTHG(Z2W)

PINENSTION GEGUT) S TFFLT)

DINELSION DR(20,2),0W(20,2)

DINENSION NHYDR(1)

DIMENSIONNF 2 206), N(20), R(20),v13(20)

DIKEMSION FOINV(20),F2(20)

DIMENSION
DSLCLR3,1) , DA(I23,1) , DWD(123,1) , AB(123,1) ,
WIM(123,1) o ATC123,1) , wD(123,1) , GAM(123,1)
OLX0(123,1) , AFT(123,1) , ABE(123,1) , BFT(123,1)
SL(123,1) , BRG(123,1% , ALIG(123,8) » ATT(523,1) .,
TON(I2S,10 » ATH(123,1) , ACC123,21) o AMT(123,1) ,
XNN(123,1) » XQ(323,1)

’

U S NN

EQUIVALENCE

(OSLELYAMCYY) » (DACYE) AMCIO0G)) » TDHDCY)oAM(2ubL))
TABCEY A AM(2EBTY) o (HIMUL) AMCA921)) » (AT(1),AMCA94LS)
(WOCLY, AM{A%ALY)Y » (GANCLY,AM(H4981)) , (DLXGQCY), AM(500%
(AFTC1), atC5024)) , CABF(1),AM(5270)) , (BFTC1),AM(738)
(SLCI))AM(2601)) , (DRGCYIY,AMLTUGY)) o CALG(L1),AM(B571)
CATT(L),7M(B691)) 4 (TCH(LY,AM{10147)), CAINCL),AM{§2670
(AC{1)pANC12630)) SCAMY(S) pAMCL2680)) 5 (XNN{1),AN{9904
(XQ($),AM(10004))

UL
et P b

-~ s

DATAVALPH(J) ¢ 21980704, Emd2,Emtpl SmlyB Ewldy1,2E%3,1,6%n3,2,B8E~MULE gl
Y4 MULE 01
DATACBETAC) pdn1,B8) /05,08y  yE342,Em3s3,E03,5,EmS:T,En3,§,bn2/ HULE Q)
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Dﬁt‘(()t‘ (J)'J=‘|B)/°('.nal 10"0 .0“:.12“1(” |?-l '?-u,
DATA(XI(J),le.SJIO,..325,,05,.\,.!5,.2:.25,.3/
DATAlbLA(J).5;1,0)/3,362.3,110,2,7“8,2,301.2.000.3.778,1.58011.106HULE

i/
DATA(SLBtJ),J=$,8)/!.880a2.181.2,2u8.

i/

CATA(SKA(J) 308)/‘.231),300;,5!?'.0790'.2““,r.Szap'.732'~.9Zl/
DAT“(S““(J),JS‘,G)/.QQ?.'¢7'.625a nf“(‘-’l"06"|3570..557"‘Q721,
DATA(SLAS(J)'J:X'B)/sl,590t§03,°}.ﬁﬁdﬁ‘03"3.3375903"l.uoatQOB'
1"".141£'02.*5,0565#02."“.bS}E*Oap”?.blb£902/

DATA(SlBS(J),J=108316,019E¢02,

3. (it 40248 TOSE+01,=3309E402,

"?.ﬂ?0£‘0?011'99060980'19519t0021"‘.222&*02/4

vnipcsnasca),J:x,a)/-,znat+2.-.1notoa.-.xgbtca

1.602£+l.-,ub¢t¢1,-,acoc+x/

DAIA(SHBS(J),J=!.8)/.1"0L+£,¢0

lﬁbBEGIg-.353E02,-.352i41/

DATA t!RtJ).J=1.7)/23.ahxﬁi~2n.an.55u

“35000,',026“01'-

l025.2518€-80,Rb,bssﬂteéﬁ,x9.9370&"2“l

DATA NWYDR/4hH

/
129 FURMATI//.16H 3AD MULE CALL /7D

277 FORMAY(//,

278 FORKEAY(//phXe50HTHE 14 1WD

OO

tTHE LINE GROUPS,//)

68H THLKE ARE 100) MANY ciECTAL HYDROGEN LINES IN ONE OF

£X INDJCATES A SPECIAL HYDROGEN LINE 1IN

LGROUD 13, 15H,NONE WS FOUND//)

2.000,l,7lbpi.228,0.903p0,“91

MULE
MULE

MULE
MULE
MULE
MULE
MULE
MULE
MULE
HULE
MULE

'-.890L010‘|738£0"'ﬂUL£

MULE

762641 ,7,615E41, = MULE

MuLt

ut~24,19.9370£P2ﬂ,l.67338E~24HULt

MULE

CYCLE TIHE THROUGH FIRST ENTRY & .6aT6 SEC FOR NY=1S AND NO H LINES
CYCLE TIME THROUGH SECOND ENTRY = ,C0634 FORNYE1S AND NO H LINES ORrR

DOPPLER EFFECT

IN BOTH CASES 10 LINES WERE ASSUMED IN THE LINE GROUP

w=s

RINED

KOUI=6

150 = 19

1sp = 180 ¢ |}
15P2 3 180 ¢ 2

1sxp=2

START LOOP ON INDIVIDUAL LINES

IF (IDX=1) 126,127,176

126 1F (JDX,EQ,=3) GO 10 127

NOOD

KSSKi+u3=}
KF=KS
JJ=JS={

GO TO 5479

1

ENTRY AT THiS POINT CALCULATE
INFLUENCS COEFFICIENTS WHICH

; 127 J3 = 0

r8=K}{
KF=Ke

5479 CONTINUC

Lo 4aro I=1,112
PO 4420 J=1,20
DSL(T,J) = O,

a429Q OWD (I,J) = 0,

13PL = 0
1F(122,k6, ) GO TU 2960
IF(NXI) 2960,296" " 41

29064 DO 2962 I=1,NX]

KGPT 2 IA(I)et
IF (KGP=KGPT) 2962,2963,2962

2962 CONTINUE

184

3 LINE STRENGTHS AND PORTIONS OF THE
ARE NOT FUNCTIONS OF FREQUENCY

MULE 04

01
02
02

02
02
02
02
02
L
02
03
03

03
03
03
03




|
!
!

2963

29690

29064
2966

2967

2965

[N e Nalgl

[aNaXel

MmO

3849

10

cHb
766

667

14

49010
4011

440

GIY 10 29560
IsPL = 1
Kb = kFe}
CONTINUL

DO 250 JDUMSKS,KF

J=Joun

IF (JoekF) 2965,2964,2965

IFQISHL=1) 2%65,2946,2965

T 4NUIKGRTC )=

D0 2787 Jv=aKi ,IFND

ILK = ("D(JV)+7)/8

IFCALTAUILK) (NE, WHYDR(L) ,0OR, EXPN(JV) GE, 0,1) GO Y0 2967

J = Jv

JHULD = Jv

GO T0 2565

CONTINUE

WRITE(N,278) KGPT

stop

CONTINYE

JJ = JJ ¢+ 1

IFCIDX,LQ,=3) S=INDSHL(JI)

DO 3b40 I=i,NY

DO 3IBaG Jv=y,1sp2

BRGCI,Jv) = 0,

NF(JJ) 3 0
MULE 08

STATLHINT 6 COMPLETES THE IUDEXING OQPLRATION, CALCULATE THE MULE 08

LEVEL POFLLATIONS, MULE 08
MULE 086

TEK = (MDCJYI+TYV/R

IK = ND(J)

ICH = JIs({ILK)

IFCILK) 666,606,667

KRITL{t,766)

FORMAT /72X, 1 ORMULER STOPZ/)

STGP

DO 50 I=zg,NY

T23THE(T) 4] ,308047t w0 MULE 04

TI=TEE () »POP

13 & TEE(I)/Z10000, MULE 04

XP & XRHNCILK 1) wbxp(mEPl(IK)/TL1)/XGCILK, 1) 2GEL (IK)

82(1) = xp
MULE 08

CALCULATE LINE STRENGTHS USING INPUTTED FeVALUES MULE 08
MULE 09

VO & »HVL(J)/TH

V s £XP(Y0)

Y3 = 1.-V

SUOJI)1Y 2 S5, 141642,8183E~13aFF(J)rXPrVY

BRG(1,1)SHRGCI,1)~SLCII 1RS¢ DLXQCILK,IIWEPSC IK)/TIwV/VIAVO0)

IFCICH,6T,.1580) GU TO 4010

BRG(I,1CH+2) = SL1JJ, L)

GO TU 440

D0 401y 1AB . §,IS¢

BRG(1, Als*2)cUBRG(),1A842)+SL (JJ,1)«VNU(LICH,T1AB)

BRG(I,1) & BROG(I,1)4SLCJJ,IIRTON(ICH=1S0,1)

CONTINUF

JF(KRCL3) LVEQL3ISLCII,1)2SLCJJ, 1) /RHDCT)

CREATE THE INFLUENLE COEFFICIENTS FOR LINE STREMNGTH WRTY PRIMARY VARIABLES
DO 4600 Jvv=y,IsP )
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e

.o s e cmmievemn

46Cy
C
c
C
c
21
¢
C
C
C
c
C
cC
c
80
|
i
R 82
N
. ','
o,
7
‘ﬁhé
2
85
i 32
C

186

PN

JLVEIVVe(dJ=l)ay

ISTARIZBA(JVV~1) el

IEHD=ISTARTHISE

JAV=(

DUl L4GO JVEISTANT, JEND

JAVSJAV]

DSLCIL YV, 33=DSLCILV, 1)4BRG (I, JAVIRAINCIV,I)
CiiTIRUE

S1(J) = SLGJJ, 1)

SPECIAL TREATVD.T HOR HYDROGEN LINES =« INE WIPTHS

GO TO 21 IF HYDROGEN LINL

IF CRETACILKY,RE.NHYDR(1)) GO TO 20
CONTINUE

HYDRULER LINES akE DIVIDLD IMTO YRO GROUPS, THE FOUR SPECIAL LINES
LYMAR 2LPHA AND vFTX AND HALNER ALPHA AND BETA ARE CALLLED SPEC1AL

ALL OYHER HYDRUSLN LINES ARF CONSIDERED COMMON LINES

VIC(I) = XNN{HY 1)44,66660667
FOsVI(1)#1,2528L =4
SURYFC(I)=5QRT(+0)
Foinv(Idz=; ,0/F0
Vi(S)=92,69bE42/7v1 (1)

€10 = 0842944823

IF (LXFRNC(JILLT,.0,1) GO T0 32

BESIN COMMUON LIt LINE WIDTH LOGIC

SQnRU=L RPN(JIS

SUNUNI =AM (J))

TASSH,79L 22 L aXNNEINT, 1) #SQNUIL /SART(TIEL(]))

Vi1 SONUZCEE E+12)%SANU/TRE CT)RXNNINT, 1) /7TEE(])

Ve = Viirvig
V3 = viiav2
Vd s veave
VS = v2rv3

1Ffvite~],) B0,B82,82

AQ & », 57721560

Ay = ,99999193

A2=e,20991055

A3 = 055199068

AY4 n.$097600u

AS = ,001072%7

€1 2 ~ALOGIVEL)«A0+AL RV 14020 20A3AVIHAUAVL+ASRYS

DEAOX==] ¢ /VITAAL$2 , AAAVI 9T RASRYP4 U AALAVIOS2AGAVY

GG 10 8Y

Ay = 2.33473%

A2 = 250628

A3 = 5,335064%7

AgQ = 1,681534

V6 3 EXP(eViid/vid

VT S V2eALAVIL ¢ A2

VB &8 V2 ¢ A3 = Vi1 ¢ Ad
L = Vb6 ® VT /7 v

TOREL/6,b3510

GAM(JJ.I)=TA*YB

BRG(T, 1) = «GANCIS,I)0(1S+3,/7E1+DEL1DXAV]L)
BRGCI,I8P2) 3 GAMIJI,1)2(1,¢VIL/EL*DELDX)
Gn 1N 83

CONTINUT

DELOX = whid(1,01,/VIL)oVOR(2, 2Vi1eAavTa(2,0VI¢A)/VB)/VE

-
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RS el
e

AN

RS

RS R

LR T R

pnnod e BE S

c

C

c

€

c
a2

¢

C

C
23
30

c

c

C
31
46

C

¢

C
a7
48
49
20

C

c

c

BLGIN SPLCIAL HYDROGEN LINE LUGIC

TSQ=TEE(1I*TEL(])
X10=ALOGLO(XNNIMT, 1))
H1D = 1603, * (HVL(J) ¢ 9,0001)
LaMAN ALPHA

IT(NID=10196) 23,22,23

BEC(JI) =

CeLL GF CALPH,SLA,SLAS,GLG,EFF)
Th=T7,6902%8 1 20E=unTHE(IY4,3u%E 82150
THs=0, 012742, 907L052YEE (1) 65FE=3GnTSEQ
REI)=TAaexi0r[H

TO=TH2ELO
DR(I,1)=TAT 6924 X1Ca(TR40,4127)~TD
DR(1,2)=1D

Cu=3,4k=6

G0 10 50

L.LYMAN BETA

IE(NID~32064) 31,306,318

NP (JJY 5 2

CtLl GF (BETA,SLR,SLBS,CPG,LFF)
T4=12,95«8,07t~arTi L(1 42.06E«82750
18200, 71794 (767SEnHYATEF (1) @] 230 m?aT0]
H{I)=TAeX3021H

TO=YHrEYQ
Dr(1,1)=TAe12,95¢x302(T040,7175)TD
Dwii,2)=T1D

(B=1,THE=S

60O 1O 50

BALMER ALPHA

IF(NID~18B8) 47,46,47

NF(JJY = 3

CALL GF (DEL ,SHA,SHAS,GLG,EFF)
TAS{,57024(20000,/TEE(I)) 440,52
TB=0, 1183w (10000, /TEE(1)) 280,578
R(I)=TAeX10415
DR(T,1)=w0,52%TA4TBA(0,5782X10+E10)
DR(I,2)==TBAL1Q

CH=y,3Ee3

GO TO S0

BALHER BETA

IF(NID»25%49) 49,48,49

NF(JJ) = 4

CaLL GF (x1 ,SHB,SHRS,GEG,FFF)
TAC2,174(10000,/7TCECI)) 0,339
TE=0,1152040000,/TELC15)*x0,333
W(I)XTAmX102ThH

DR 8)am0,389ATA+THN (0 333aX 0%EL10)
DN(T,2)3aTEE {0

CRsu, 378w}

GO YO “0

CONTINUE

CONTINUE

MULE 09

MULE 10

MULE 1.

MULE 13

MULE !4

GAMMA  {LINE #IDTH® CALCULATION FOR ALL NUN HMYDRUGEN LINES-
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4601

g e ReNul

9600

200
50

4ebY
4660
250

128

OO

3079

330

[z XX s]

196
197
19%

188

DO 400t Jv=sy,18i2

z)RG(llJV) = 0'

GAM{JI, 1)=GAMPLIYRX N(NT, 1)« T324FXPN(J)
S =6A(J3d, 1)

BRGCI 1) G (T 1) e8(I)n(w]) +EXPN(J))
BRG(I,1672)=5(])

' (JJ)=0

LINE WIGTH INFLUENCE COUFFICIENTS FOR ALL LINES EXCEPT SPECIAL HYDRUGEN
DWD AFKRLY 15 wRTY PRIMARY VARIABLES

DO 9609 Jvv=§,ISP

JVSIVVH(I)Ire)n?

ISTART=B2(JVYrl)e]

IEND2]START ISP

JAavst

DO 9600 JV=ISTART,IEND, ISP

DWO(JILV oI Dl (ILY,1)4BRG(T,JAYIZAINIIY,])
JAVEJAVELISK

CONTINUE
IF(GUP(J).LT,1) GO TO 200 MULEL 00
AR = 0 375*GER( TKIRFF(JII/ZHVL(II#SARTI(GLE( 1K) /GUP(J)) MULE}

GAM(JJ, 1) = Gan(JJI,)) + XPrALR/Q 6BTE+L9
S(I) = GAM(JIJ.Y)
WO(JJ I)SHVL(J)+S0RT(2,%0,67315412/XRIILK))/2,997T6E+40
CONTINUE
IF(KR(I3) ,NF,3) GO TO 4660
DO 4655 1={,NY
JAVST*(JJ=1)
DO 40655 Jv=t,15¢
IDXi{z=Ba(Jvel)e2
IDY2210Y ~]
JAVSJAVe!
DSLLJAY,1)=DSLEJAV, 1) /RHOCTI)¢SLIJI,T)IxCAINCIDX2, 1) =AINCIDXL,1))
COLTINUE
cihT1INUE
coN1Imut
RETURN
CONTINUE

The FOLLOAING BLOCK CALCULATES THE ABSOPRTION (OEFFICIENTS AND 17S
DLRIVATIVES WRT THE PRIMARY VARIABLES BY ADDING THE FREQUENCY DEPENDENCE
TERMS T THE LINL STRENGTH AND INFLUENCE COEHFICIENT TERMS CALCULATED INW
THE FIRST CALL OF MuLE?

DO 307Y KBO=1,18P
DO 3079 I=1,NY
A1G(1,k80) = 0,
FHYS2=FHVSAFHYS
FHYSINs{,0/FHVS
VT=1,%387/FHI82

DO 340 Isi,NY
FR(I)avT=FOINV(1)
S1(1)=0,0

JJ=0

LOOP ON THE INDIVIDUAL LINLS

DD 550 JDUMSKS,KF
Js JOUM
IFCISPLI19%,195,4896
IF(JmKEIL95,197,19%
JaJHOLD

CONTINUE

oy AT
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—t

PN

o,

Wl

eyt '""1!0‘1""

O

[aNaKe]

(NN ale]

laXeKal

izl g Xel

s Balal

130
140
154
151
150

153

132
142
164
161
160

163

JJ = JJ ¢ §

IFCIDX,FR.3) J=INDSKL(JI)
JAT=(JIni )7

Ve = (HHVS » HYL {J)) 482

PUDH = ABS(FHVSINe]  0/HVL(J))
ASSIGN 551 TQ Jup

NHL THE=NE (JJ)

IF (NHLINF,LEQ,Q0) BASSIGN 65 TQ JMP

LOOP ON SPACE

DO 350 1=g,NY
SLJJI=EL I 1)
GU 10 JHP,(65,351)

SPECIAL HYDROGEN L InE S
CORE PLEION

KDH = VI(I} & PwDH
GO YO (130,132,134,136),NHLINE

LYMAN ALPHA

IF (#DH=0,0028) 180,181,114}
VEEZKDH=Al PH(15Y)

IF (VEL) 150,151,158

IF (nDP<ALPHCISXP)) 152,1%2,153
ISYP=IsX

ISX=18Key

GD 10 140

Isx=jsxp

1expP-I0xpey

GO TO 1490
ECHR(ERTCISX ) * (WDH=ALPHCISXPYI+GEG(EISXY ) ~VEE
VISACH+SLASCISR)
DSOAZCACHAVIGEFF (1SY)avEESVEE)
B=V3Isvit+SLA{ISK)

6O TL Y47

LYMAN BETA

IF (WDH=0,01) $u2,191,191
VEESWDH RETA(ISX)

1F (VEE) 160,101,161

IF (WOH=BETACISXP)) 162,162,163
I1sxP=15X

ISX=]15Xel

GO T0 tne

13x=185xp

1SXP=ISXPe)

GU TO 142

ACHS(EFF CISX)A(WDH~REYACISXP))I+GLGCISX) )2 VEE
VI=ACR4SLBSCISX)

DSOA= (ACHVIHEFF(ISX)RVEEAVEE)
BaVIAVEL¢SLB(LISX)

GO T0 47

BALMER ALPHA

134
144
174
171
170

IF (WDHe0,24) tu4,141,148
VEEEWDHeDEL (18X)

IF (VEE) 170,171s871

IF (WDH» DELCISXPY) 172,172,173
1SXPsIgX

189




P —
1

oo

OO

CITICY Y

ISXElSrey
GO YO 144
173 IsXsILyr
ISXP=ISXP+]
GG OTO 144
172 ACHSCEFF CISX)#(wDH CELCISXPII4GLG(ISXIIAVIE
V3ZACHS HHASLISX)
DSDAZCACHSVIEFF (ISX)»VELXVEE)
B=V3IAVET +3HA(ISX)
GO TO {47

BALMER BEYA

13¢ IF (wDRe0,2) 1464191,198
ja6 ViEzwDHe XI(18X)
184 IF (VLE) 160,181,184
364 IF (WDHe XI(ISXP)) 182,182,183
160 IsxXpP=JI8X
1EX=1SX=y
G0 TO j46
183 15%X=318xP
I1SXP=15xPey
GO TU t4b
182 ACHZC(EFE (I1SX)? (WDHe XICISXPI)IGUG(ISX)IVLIE
VS5IALHESHEBS(ISX)
NSDAR CACHeVE-TFF(ISY)*VEE®VEE)
Bzy3aVEE +SHB(13X)
147 CUNTINUL
B=10,+20
DSKDATR#D3INDA#2,30258
RuRaF (1)
DEDINYZO0.666666TA(B4RDHADSKDARF2(T))
DBOLNP=mDEDLNY
GO TO 148

SPECIAL HYPROGEN LINES
WING REGION

191 v = W(l)
vo = DuWtI, )
ve = Dwll,2)

GO 10 19¢

jay ve R(1)

V0 = DR(1,1)
V6 = DR(I,2)

192 WoHSO=nDHAKDH
SQRWDH=SORT (WOM)
BR(CBA(L,0¢ V #S0KwDHSRRTFO(I))/(WOHSAASARWDH)I#F2(1)
TR=CBAVT/HOHSQ/SARTEO(])
DHDLNT=eB+1R2VO
OROLNP=+R ¢ TBAYO

148 CONTINUE

CALGCULATIUN UF ABSORPTIUN CUEFF AND DERIVATIVE WRT PRIMARY VARIABLES FOR
SPECIAL HYDROGEN LINES UNLY )

DO 66 JVV=L,1SP
JLV=JIVV4JJT
I8TART=Iw(JVVmi) ¢
IENDSISTART+]ISP
DbX SDEDLNTAAINCISTART, $)¢0BDLNP*AINCIEND 1)
66 AIG(I,Jvy)sBADSLOILY,1)+BLIIE *DBOX *AIGLTdVY)
$2(1) & SLJJI 4 8
GO YO 67

190
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i
1
A
|
; 65 CONTIHUE |
s C
8 c CALCULATION QOOF ARSORPTION COLFF AND DERIVATIVE WRY PRIMARY VARIABLES FOR
C rLL LINES EXCEPT SPECIAL HYDROGEN
C
JLV=JdJ7
GAMJJTI=GAM(II, I)
: VOsGAMIII*GAMIJ]
. Vh=Vy=y2
;- Vo=Va+v2
i DEN=25536,92»Ve
\ B8=GANJJI/DEN
’ DO 549 Jv=1,15P
JLv=Jlvet
Q ALG(IoJdV)=(DSLCJLV,I)»SLJJY *OKD(JLV,I)*(VS/(VOAGAMIJIIY)) 2B
g 1 +AIG(I,JV)
i 549 CONTINUE
i §2(1) = SLJJY » B
5. 67 CONTINLE
- S1CI) = S1(1) +S2(1)
L 550 CNONTINUE
& RE TURN
o END {
&
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SUBROUTINE NUHEN (MUY

e tDBTIANS SPECTI S NUMBER DINSITIES FOR EACH SPATIAL STATION NODENOO R

DIMENSIONED FOR 40 SPECIES

INTEGER FAMDA,FAMUD, BLTA,BETB

C NODENOL 2
COMMONZCONTM/NCRC(0) o NSBN,Z(20) yHVG(30),4S(20),11S5C86),NIL,
{ HVT(30) $CSS(2u0),111.030),185¢30) ,INBN(20),

2 XI0NC30),BETACTO), DETR(30),NSTEyNT,X15(240),INC30)

COMMOM/ZOPCUM/SPLL(ERYL)I15,8P22(T70)4P,5P23(480),T,5PZU(308),,
i VNUCGO,8),5PZ5CL8T),1SP2, 1 AMUA(60)»F AMUB(60),15P,
2 NSPLCe# SCOL3), KIN,KIUT,KKR(20),FSCT(68)

COMMON/ZEGTCOM/SPZT(6) . AA, SPZB(37),A(14,14),SPZ9(357),TC(60),
i 5X710(203)

COMMON/THTCOM/KR(20) ,KRC(10) K {10),0,N

COMPEON/Y INE/ZHVL(200), K1, K2, TLEM(25),TLLCP(2Y) ¢eNXI,1A(9) RADINO
ToNI,XNOL(209),6UP{200),t XPN{200)

COMMON/NONCOM/ZAM($25,123)
COMMON/PRPCOM/PR(20),RHO(20),5C(20),CAPC(20),QR(20),XMULI(20)

COMMON/RAD/ZAHV (H0) , AHVL (2S),C1,02,C3,CU,CS,DELTA,EPE(160),FF(200), RAD
SFHVERD) pFHVE(S0) o T HVIL(R5) yFHYP (D) o FIMI(2D) ,FIPI(2D),FLY,FL2,FLG, RAD
PFLG1,LARPC200),61i.(160), NALS)NBLP,KDC200) yNIC,NICN(2 RAD
35) e NIHVE KBV, NURH ) s MY, PRESC20) 2 TFE(20) p 0L (25) p XMUOL,

4 YDELY,YY(20),CASE(I5) s THESW(SD) ) TMOKL(25),TH, 108
c NODENOO2

COMMON /ZRADCON/ TT(20) s VHW (203 oM (0), 5P (1520,8) DADINOQ

1 ¢t YHETA,8V1, SP1,SRL,H5,HP(20)

DIMENSION KCNT(3) ’

c NODENOLS
DIMENSION

DSL(123,4) » DAC123,1) , OWD(123,1) , AB(§23,1)

WIMC123,18) o ATCL23,1) 4 WO(123,1) o GAM(125,1)

DLXGC123,1) , AFT(123,1) , ABE(123+1) 5 BET(L23,1)

SL(123,1) , BRGU123,1) o AIG(La3,1) o ATY(123,1)

TCNC123,1) 4 AINCL23,1) , ACCL23,1) o AMTCL23,4)

XNN(123,1) , XQ(123,1)

L- SV — R VY R

DIMENSION FR(123,1)

EQUIVALENCE
(DSLCIY,AMELY)Y » (DACYY AMCI0UYY » (DWD(1)saAM(2461)) »
(ARCL) P AM(268T7)) 5 (WIMCI) AM(4921)) & CAT(1),AM(4941))
CNDCLY P ANMCA961)) 5 COAMLL),AM(U9B1)) » (DLXR(L),AM(S00!
CAFTCL),AN(5024)) o CABECL) ) AM(R2T0)) (BFTCL), AM(TE8Y
(SLCLI AMCTAOEY) 4 (BRGUEY)AMCTAGL)Y) o (AIG(1),AM(BETYL)
CATT(L) (AMCLO69Y)) 5 (TCHCLIY,AMCL0147)),CAINCE) o AM(126T70
(ACCLY ) AMCEIR610)Y H CAMT(L)AM(120650)) 4 (XNN(L),AM(9904
(XQCL)pAMCEI000O,

EQUIVALENCE (FRC1),AM(.

1050 FORMAY(2X,2A8U4,2X ) 1P13EQ 2/ (12X, 1P1359,2))

1060 FORMAT(AN /48X, 16HNUMRER DENSITIES/)

1070 FORMAT(INL,)//7/785X,8HDELTA = (IPE 4, 64/)

1216 FORMATC(LINE//10X,%8H THERMUODYNAMIC STATES ACRUSS THE ILLAYER =8STARTI

ING WITH wALL/ZZ)

DO ERGE CALCULATION

DO UL VI e
P Nl N o

ICO
B

TN A St el Rekip

192




——
s EaXalal el

T NG A

625

630

(s Ealel

qa5

gt
L o

450

475

4ss
476
7450

7500
500

(s R alal

IF (NOP,CT, 1) CO YU 120
CALL EWUIL(KQ,NY ,PRESC NY))
RUO(NY) = AA/Z(],5146%T)

KCNT(1) =

PCNT(2) = 2

KCNT(3) = 0

EHLD = 0,

CALL GU(KCNT, NY,PRESC NY))
RE TURN

CONTINUL

DO THERMGDYNAMIC STATE CALCULATION

IF(KRIITINEL2) WRITE(N,1216)

NF3 §

DO BT I=§,NY

IFCKQEL) (G 0) TT(I) 3 1,B8*TEE(T)

IF(KULL) 16,2 (AND, NF (EQ, 0) HH(I) = TEE(])
CALL EUUIL(KG,I,PRLE(T))

SET UP TLM AMD ACN ARRAYS FOR CORRECTION COEFFICIENTS
NNBS & LSPEC = 18

RHOCIY = AA/Z(1,31464T)

DO 625 J=1,NNBS

TEN(J)1) = =TC(J4IS)

DO 630 11=1,18P2

DO 630 JJ=t,1s8P

10X = Ba(JJd=1) ¢ 11

AINCIDX, 1) = A(IL,J0)

TEE(Y) = TT(1)/%1.8

IF(KRE1A) 6T, 0) CALL GOCKCNT,T.PRES(I))
CONTINUE

CALCULAT: ELECTRONIC PARYITION HUNCTIONS FOR ATOMS AND 10NS

DO 500 I={,NY

Tt = TEE(I)#8,0620=%

IRK = 0

NCES=0

IRK=]RK+}

NICE = 0

XO(iRK,1)=0,

DLXRCIRK,I) = 0,

NCES=NCFS+4

NICE=NICE+}

Vv = EPSINCES)/TY

vy £ GEE(NCES)XFXP(=V)

XQCIRK,1) = XQ(IRK,1) ¢« Vi
DLXGCIRK,1) 3 DLXGCIRK,1) ¢« V} & V
IF(NCES LEQ, NAES) ¢ TO 7500
IF(NICE ,EQ, 8) GO TO 7450

GO 10O 475

DLXOC(IRK,1) = DLXQ(IRK,1)/XQ(IRK,I)
GO TO 450 EE
DLXOCIRK,I) 2 DLXQ(IRK,I', 'R(IRK,1)
CONTINUE -

START LOOP ON SPATIAL GRID POINT3

00 20 I=1,NY
PRESS=2PREA(T)
DO 19 J=1,NY
IJ=N()

NODENO025S
NUDENO26
NODENOZT

NODENO29

193




o

i m e o o t———— S

L T

18
19
27

50

1IF ¢(I1J.EC,0) GO TO 18
XNN(J:I’“7,3396L21tPRESS*FP(!J'I)/YFt(I)
6N YO 19

XNN(JPI)=0,

COoMTINUE

TONTINUL

IF(KRAULT),EQ,2) G TO 7S

WRITE(N, JOTQIDELTA

WRITE(%,1060)

0N 50 J=1,NT

WRITE(N,1090) BETA(J) »BETB(I) ) (XNN(J,1)s151,NY)

) RETURN

END
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NODENO2O
NUDENO 3O
NODENOA]
NODENOZ2Z2
NUDENO 31
NODENO 3?2

NODENOS3

NODENQ64Y
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A e

1
X
u

61
71
72
62
68

672
674

63

67
601

600

SUBRUONTINE UGLi(N,XAM,PRM,NUMX,X,P,EM)
DIME.NSTON XAM(1) X CLYoPLIYPEMUL) PRUCY)
XDTH sX (NUMXI-X (1)
15=§

D 600 J=L N
XA=XAM(J)Y

1nsy

IF(xDIF) 72,60,74

It (XA=X(15)) 62,63+64
IF(Y(I8)=XA) 62,63,064
1IFCIS=1)6T1,671,68
182181

1712

GO TO (61,66),10
15=2HUMX

I1=18

H=0,

prDI=CM(T)

60 YO o7

PR=P(1S)

PPDY=LMLIS)

6o YO 6018

I8=T5¢1

IF (IS=NUNX)6G, 60 o672
10=2

GO TU (61,+%),17

167 18=¢

: 1813

GE (P (I41)mP 1)) /(X CT+1)eX (1)) )rbM(T))I/Z(X(T+1)=X (1),
f:(((EH(Iil)'t“(!))/(X(I*l)“xtl)))'2.'GJI(X(I*I)-X(I))

He (Fa(XAnX(1a1))40)4 (KA=X(1))
DPDI=(H*H¢kH(I)¢F*(XA~X(I))*CXA?X(I)))
PRS(HEEM(I))Iw (XA=X (1)) ¢P (1)

CONTINUE

PRH(JINPR

CONTINUFR

CONTINUE

RETURN

END

OGLE
OGLE
UGLE
OGLE
OGLE
O6GLE
NGLE
0GLE
U6t
OGLE
OGLE
OGL.E
OGLE
O6LE

.- -
OGLE
OGLE
OGLE
oGLE
OGLLE
OGLE
o6LE
OGLE
OGLE
oGLtH
OGLE
OGLE
OGLE
OGLF.
0GLE
o6LE
UGLE
OGLE
OGLE
OGLE
OGLE
OGLE
O6LE
OGLE
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SUBROUTINE KADIN

INTECGER BLTA)3ETB,BA,BR,BL,BM,BLIANEL
INTEGER  FAMNA,ITAMOR

DYHENSION BLIMECL0),JLINECLO)

COMMON/CONTM/NCRC(R20),NSHN,Z020) ,HVG(30),KS(20),TI8(16),NIL,

1 HVT(30) 08S5(2d), I1L(30),155(30) ,IDBN(20),
2 XIONC30),8E TAC30),HETH(30)0NSTL,NT,XI5(24N02,K4(30),
3 TYHRES(30),COEFAL3C),COLFB(30),122

COMMON/DIVEOM/ZINDX L (663, INDY2L66),001(66),0A2(66),0A3(66),081(66),
0B2C66),08 L9);0C1(66),082(66),0C3(66),AC1(66),
AC2(66),AL3(66),8D1(E6),AD2(66),A03(66),AE1(66Y,
AE2(66) )ARI(56) ,HINTA(LIS) yHINTB(15),JC5C15) ,NUF
e NDIL | XMM(66) ) TRNS(S)

£ W

COMMON/INTCOM/AR(20),KQC30) o KF L1023 ) MyN

COMMON/ZEQPCLM/SPZZ(281),15,8P22(70),P,SPL3(4B0O)Y,T,SPZOC30F),

b VHUCOO, By SPXX(TY kT (60 SP25C120),15P2,FAMNALLY)
e p P AMOBCO0) o ISP NSPEC, FSCOLAY o KIN,KOUT
COMMON/ZLINEZHV, (2003 ,K1oK2, TLEM(25), TLCP(29), NXY,1AC9) RADINO
ToNTXNOL(200) ,GUP(R00),EXPNL200) ,XK(20),MUG)INDSHL(L2)

COMMON/NONCOMZAM(323, 123)

LOMMON, OUTCOM/ZLDEX(3)
COMMON/PRPCOM/PR(20),RH0(20),5C(20),CAPC(20),0R(Z0) »XMUI(20)
COMMON/ZRAD/ZARY(50) , ARV (PS5, C1, 00 03,048,085, DELTA,EPS(Le),FF(200), RAD
LFHVI2S) JEHVE(S0) o FHVHMI2H) (FHVP(25) o FIMT(29),t IPI(RS)FLL,FL2,FLG, R4D
2FLGL,GAMP(200),GEE(160), NAE S NBLP,ND(200),NIC.NICN(2 RAD

35y NIHVE  NHV O NU(25) s NY,PRES(20), TEE(20) WL L25), XMOL,
4 YORLT,YYL20),CASE(15) 18w (%0), THSHL(25)9TW,TOR

COHMMON /RADCOM/ TT(20),VHw120),hNn120),5P(1,20,8) DADINOO
1 s THETA,5V1)5P1,5RY,HS EQUILOO
COMMUN/ZTNPT/ZXNCSE) XM (L1, OMFGCYL,11,1)pDOMEGC(L1,11,1)
1 fFOMEGCSL, 08,8, TESPV,XKT,ILSPF,AC18,11)

DIMENSION BA(16),BB(16),NFLCT(2)
DIMENSION nutc(123,5),0UTL(123,1)
DIMENSION EMSWLH0) pEMSAL(23)

DIMENSION

BE,)



DSLL(123,3) , DA(123,1) Dunt128,1) , ABC(123,1)
WINCLIPS,8) o AY(123,1) o wD(125,1) GAM(123,1)
DLXO(123,8) 5 AFT(123,1) » ABE(123,1) , BFT(123,1) o
SL(123,1) DRE(123,3) » A1G(123,8) , ATT(125,1) »
TENCi23,1) o AINCI23,1) o ACC12341) o AMT(123,1) .
XNNS123,1) o XR(€123,1)

[ Vg R

EQUIVALEKRCE
(OSL{L1) AMC.}) o (DA(1),AM(108)) (DWD (1) AM(2461)) o
(AR(1),AM(2EEBTY) o (WIM{LY, AH(U921)) (AT(3),nM(4548))
(WD (1), AM(d%6E)) o (GAN(L1)AM(U98Y)) (DLXG(1),AM(S001)),
(AFTCL),AM(5024)) (AUBF (1) ,AM(5270)) , (BFT(1),4M(7381)),
TCLLIY AM(TE0Y)) , (BRG1YAM(TUGL)) o (AIG(1), AM(BOTSL))
CATT(1) pAR(EADL)) o (TCNCL) S AM(T1014T) ), CATH(1) ,2M(12670)),
(ACC1) s AM(12010)) o (AMT(1),AH(12630)) (XNN(1), \M(99643),
(XOC1Y,AM(10004))

S (UUTCC1),AM(S5021)) 0 (OUTL (L) 0 AM(9512))

NE RN e

LA

OADINOL &
EGUIVALENCE (EMSA (1) ARV(1) ), (EMSKL1)AHVL(1)) DADINOLE
UADINOLe
DATA NELCT/UHEes  o4H /
DAYA NHYDR/UHH /

100 FORMAT(6E12,1)
101 FORMAT(4012)
102 FORMAY (24U,12,F10,4,2E12,1,3F12,2)
103 FORMAT(SII) DADINO22
115 FORMAT(2413)
120 FORMAT(IHE, 60X, BH DECK A ,/)
121 FORMAT(6H GRUUP,BX, 2HHV 12X, SHHV¢, 11X, IHRV=, 10X, 1HN,
1681 NAME K(1) HV(I) (D) GAM(]) EXPN(I)
2 NOL,Z)
122 FunuAr(lﬂ.Fia,s.zr10,3.112.Sx.Aa.16.F11.3.1PE11.2.1P2L12.2.OPF6.03
124 FORMAT (56X, 3Xs Al 189t 1143,1PE11,201PEL242¢1PE12,2,0PF6,0)
225 FUORMAY(BE10,3) DADINOLSB
226 FORMAY(6E{2,4)
227 FORMAT(SELR,8)
597 FORMAT(//109H WITH 17721, YOUR FNVC VALUES MUSY RESOLVE (NITHIN .1
§ EV) THE SDUNDARIES OF THUSE GROUPS WITH SPCCIAL H LINESZYZ)
600 FORHAT(IIZ,E11,3,E19,3,40%X,2A4)
610 FORMAT(BE10,3)
620 FORMAT(20A4)
901 FDRMAT(12,2X,12,2%,12,2%s12)

1080 FORMAT(1HL,/, DADINOZ23
{ 32X, THCASE = »15A4,7/,8%,85SHRADJATION CONTROL NUMBERS § 2DADINO24
{ 3 4 5 6 7 8 910 11 12 13 14 15 16 §7 18 19 20,//,33X,2013DADINOZS
2/7+33X,2013) DADINOZS

108% FORMAT(//8X,55HCHEMISTRY CUNTROL NUMBERS § 2 3 4 S5 6 7 8 DADINOZ?
19 10,8X,50HFLON CONTROL NUMBERS 1 2 3 4 5 & 7 8 9 10/33X%,
11013,28X%,1013)

1090 FORMAT(//50Xs 29HRADIATIVE BOUNDARY CUNDITIONS//)t30H  e=e=e==ce=eDADINO29
xnuonﬁq-qﬁouunucﬂNT INL]Uﬁo--w----ppu-.--------.-. ---.nn—.-------D‘DINOSO
Jevencsannaase| INE CRIUPSwmenecannsnepersnsoasan 'I’!SOH DAD!NOSI
3l WAVE EMITTANCE TRANSMITTANCE WDADINO32
4AVE EMITYANCE TRANSMITTANCE 0/0130h DADINO33
5 FREQ, LENGTH wall /OUTER BQUND, WALL /OUTER BOUND, © FREDADINO34
6Q, LENGTH vALL /UUTER BOUND, WALl /OUTER BOUND, o /¢130DADINOIS
4] (EV) (A) ) DADINOSS
8 (EV) (A) . ¢sDADIHOSY
9 DADINO38

1095 FURHAT(F10.3;[10.39?5'30F10.30?!1,3.F!0.30F12.3,E10.3 oFB8,3,F10,3 DADINOS9
1oF11,3,F10,3) DADINO4Q

1098 FURMATCF10,37E10¢3,F8,3,F10,3,F11,3,F1043) , DADINO41

=

h s i i A e




“
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b < L e BAs y

1099 FGRHAT(b)V,F!O,Spﬁla.l,f8,3.F10.},F11.3.F10.3)

1967 HORMAT (in])
2000 FORMAT(//5x,52nKE{5) HUST [AES
1177)

CADINOUZ

LuD KRER) MUST EN 2 WHEN KF(1) EGS

4G50 FOTMAT(23Rz2#] INE CENTER FREQ AT ,tY,3%,231 1S OuT OF SFQUENCE*A&2)RADINOO

QOGY FORNAT(2iHxrALCONTINGH FHEQ AT

400 FORUAT(2071,1544)

G010 "NRMAT(351e2sxt xTERND CONTINUUK

4227 FIRMAT(I0IL,0810,3)

5001 FNAMATCOAL,3X,11,0E10,3)

5002 FORMATI20X,(110,3)

5003 FURPAT(/2X, 67 ELECTRONS ntRE
{ORT PROPS = BzD/)

5004 FOQRMAT(BESOD,S)

JL2,3,23H 18 OUT OF SEQUENCE#**%a) RADINOY
DADINOZO
FREG RANGE®»t2) DADINOZZ

NOT INCLUDED IN THE DIFFUSIVE TRANSP

430 FORMAT(/5X,10% vOi HAVE ,13,T1H SPECIES IN YOUR DIFFUSIVE TRNSPRT

{f HOL, PGN 15 DIMENSIDNED tOR

8500 FURMAT(S9:,t14,5,13)

8501 FURMAT(2X,21%,1PuE)4,06)

B503 FORMATISX, 2A4,2X,13)

8505 FDSMAT(//5X,14n0ATA DECK HAS
114, " OF 30

8506 Ui AT(//5X,14HDATA DECK HAS
$INIT OF 30)

8520 FORMAT(6X,215,1P4E14,6)

9500 FCRMAY(1TX,T7E9,2)

9600 FORMAT(//2X,26%Y0U ARE TKYING
§ADIATING SPICILS. THIS EXCEEDS

9610 FORMAT(//72X,001YOUR DICK & DAT

11,M0%,77)

13,408 RADIATING SPECIESDIMENSION L
13,404 INDIVIDUAL LEVELS=DIMENSION L

10 CONSIDER,13,2Y,TiH NONMOLECULAR,R
THE DIMENSION LI=IT OF 20/)
A IS INCUNSISTENY, LINES WERE ASSIG

INED TO SPECIES,2X%,k4,2X,23H BUT NOT CUNTINUUM DATA//)

9611 FORMAT(//72X,17HY0U SAVE SELECT

{BUT DID NOT IMPYT THERMND DATA

Q612 FORMAT(//71€MH DATA DECK HAS ,1

Gols FOIHAT(/77n LAOUP p15,9n HAY
C

c*l**ttt*ttktﬁttttltittitit**ti*t*t*

€
c INPUT DECK A
c
CQtt*tt*t*tﬁtkt*ttiiattttttkttttttt*
J=s0
11 =0
IATO = 0
NIL, = v
NSBN = 0
111= 0O
UMASS = 1,660434Ee24
READ(M,50¢" NHY p)NX1,122,NOUT
1IF(NOUT,61,.) GO TO 800
D0 900 1=8,1,
12 = 1
ACADAM,6 1) 1AT,NN ¢ NSN
IF(IAT,.EQ, 05 GO TO 200
NSBN = NSBN ¢ NBN
7115 IF(NBN,EQg1) IUBNINSBN) = 1

ED, 2% 2AU,2X,56HAS RADIATING SPECIE
FOR 17/7)

3,004 LINES, LIMIT 15 200//)

I3,10n LiIkkSeLIWIY 35 13770

t*t!‘itti!***tt*ttlt*t‘*ttﬁititlt**iiti*ttit

*ttﬂ‘*itttt*tt*ttt**tt‘tittﬂ*t**ﬁttli**ttt‘*

,7012), XTUNCLIZY,BETA(LZ),BETB(LZ)

READ(M,613) (GEECI14JJJ),JJJ31,8)
READ(M,630) (EPS(II+JJI)yJJJR1,8)

IF (NSN,ER,0) 6O 1O 32%

READ(M,6102 HVG(NSHN),TTHRES(NSBN).CUEFA(NSBN)¢COEFB(NSQN)
IF CTTHRESLMSBN) (G, o10) GO YO 3228

CNEFAINSLNI=L,
COEFB(NSRN)=0,
7228 CONTIMUE -
ITEMPSB#(NSTONe1)

READ(M,630)(XLS(ITEMP4JIIIJIJ=1,08)

198
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“eed
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Ful

s

r;
R

]

325

360

344

50

900
200

228

6%

133

75

229

230

81
80

&9
87

IH(NNGER,0) GO TU 345

00 360 Ni1z=1,NN

NIL = KIL +f

ISSINIL) = 1

REAT:(M,55%00) HVY(NIL),LEV
TIL(NIL) = J14LFV
READ(1,9500) ¢ CSS(111+4J2),J02=1,8)
I11=111 + 8

CONTINUE

IF(YAY ,EG,TATO) GO TO S0
AERES

KS(J) = 1

IATU = IAT

I1 = IX1 + 8

coNTINUE

CONTINUE

NAES = J1

NSRS = J

NSTY = 12-}

IF(NSTL (LE, 20) GO TO 228
WRITE(N,9600) NSTS

srap

CONTINUE

READ(M,0620) BA

READ(M,620) BB

NY = NSTH

DO 7Y I=i,16
IFCBACT) (LR MNELCT(2)) GO TO 133
DI 65 I1=%,16

IFCBACT) NELBBCIX)) GO TU ¢%
116(1) = ¢

NT = NT+}

BETA(NTI=BA(I)

BETB(MT)Y = NELCT(2)

GO 10 75

CONTINUE

115(3) = 0

CONTINUE

NT = NT+1

BETACNT) = NELCT(1)

BETBINT) = NELCT(2)

IF(NT LJLE, 30) GO YO 229
WRITE(N,B505) Nt

s$YQpP

CONTINUE

IFCNIL (LE. 30) GO TO 230
WRITE (N, 8%06)NIL

stoe

CONTINUE

READ(M,226) (FHVM(I),1a1,NHV)
READ(M,226) (FHVP(1),X=1,NHV)
READCH,226) (FHVIL), 151 ,NKV)
IF(NXT) 80,80)81%

READIM,501) (TAC1),1=],NX1)
READ(M,108) ( NUCI),I=8,NHV)
1820

DO ¢ Izi,NHV

IFCNUCT) LLE, $12) GO YO ¢
TFENUCTIY LEQ, 13) GO YO 8¢
Kai3

WRITE(N,9683) I,NUCI),K

sYQp

IF(122,FQ,3) GO YO 1

Kel2

199
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DO 88 Jzi,NX1
IDUY=TA(J) =}
1IF(1,FQ,IDUH) GO TO B9
88 CONTINUF
1 IS=IS4nU(T)
IF(IS,LE.200) GO YN 86
ARTTE(N,96§2)13
sQp
86 CONTINUL
KL INE=]
Icy = 14
DU 450 I=%,18
READ (11,108) 8L 1 BM oNDCIY PEXFHCIY s HVL QLI S FFCI) o GAMP(L) o
§ XNOL(1),GUR(I)
IF (BL .Mk, NHYDR ,O0R, EXPN(I) ,GE, 0,1) GU TO 422
INDSRL(ICtL) =}
ICt = 10t ¢
422 CONTINUS
DO 420 KKz=§,KLINF
K = KK
IF (BL,EG,BLINE(K)) 60 10 490
420 CONTINUE
BLIME (KYBL
KLIMESKL INE+Y
42% CONTINUE
DO 430 JJ=1,30
JsJJd
IF (RLINE(K) NE,BEYA(J)) GO TO 430
G0 10 43S
430 CONTINUT
FRITO(N,2610) BLINC(XK)
Siue
435 JLINE(K)=J
490 NDCIY=(JLINE(K)=§)aBenD(])
450 CONTINUE

IF(IS.tQ,1) GO YO 613
DD 4{3 I=1,18
NOL = XNOL(I) ¢ ,001%
IF(NOL ,EQ, 0) XNOL(1) = 1,
413 CONTIHUE
o0 513 1=2,18
IFCHVL(IY=HVL(Iw1)) S14,514,513
S14 WRITEIN,Q000) HVL(D)
sTop
$1{3 CONTINUF
613 CONTINUE
READ(Mp115) NIHVC
READ(M,100) (FHVYC(I),1=1,NIHVC)
PO H80 I=2,NINKVC
IF(FRVG LI aFHVC(I~1)) 582,582,580
582 WRITE(N,4004) FHVC(I)
STUP
580 CONTINUE
IF(TZZ,NL 1) GO TD 590
JFINXILEQ,0) 6O TO 590
DO 591 13 ,NX1
‘KsIA(1)
IF(L,EQ,1) GO TO 595
KKslA(Iel)
VEFHVM({K) =FHVP (KK)
IFCV (LT, 0,8) GO TO 670
595 CONTINUE -
DO 592 J=§,NIHVC
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5%
ebU

70

692

693

591§
590

VP HVE (Y E YO ()
Ifqy,tt,0,) €N YO %92
TRV 4t T, 1) 60 TO 993
CONTINUE

GO TO 650

CONTINUL

00 H9ua J=1,MINVE

V= FHVC(J)vFHVM(K)
TR(V,LE,0.) GO TO 594
1HEV,LT, 1) GO TO 670
CONTINUE

WRITE(N,S97)

sTOP

IF(IEQ.NYXT) GU TO 65%
KK=1A(1lel)
VzeFHVP () ¢FHVM (KK)
IF(V,LTe 041) GO 1O 591
CONTUE

DO 6492 Jmi,HINHVE
VIFHVC () =FHVP ()
IF(VLE,C,) G TO 692
TRCV,LT,,1) GO TO 693
CONTIMUE

0 10 689

CONTIRUE

DO 68% J=1,NTHVC
VEFRVP(K)mFHVL (J)
IFQv,LEL0,) GO TO S
IF(VeLT, 13 GO YO %94
CONTINUE

G0 YO 680

CONTINUE

CONTINUE

WRITE (N,1967)

HRITE (N,120)

WRITE (Nol12}§)

iIci=0

DD 30 I={,NHV

IC2 = ICY ¢ NUC(I)
ICE= 1CL+y

NAHY = (NDCIC1)+7)/8

WRITEC(N,122) I1,FHV(I),FRVPCI),FHVM(T),NU(L),

| BETA(NAMX) ,NDCIC1),HVLCICY) FF(ICL),GAMP(ICI),FXPNLICY),XNOLCICY)

IFCICY,eQ,1C2) GO YO 30
1C3=21C i+

DO 2% J=1C3,lIc2

NAMX s (ND(J)+7)/8

WRITE(N,124) BETA(NAMX) pNDEI) o BVL(J) pFF (J2oGAMPC(JI) JEXPN(J),

1 XNOL (D)
Ici=1C2

CRRRR AN KRR R ARARAN R AR K AR RN R AR AR R R AR R AR RAAR R A RARRRARRARARKARRRARARRRARARRRRRAKARAN A,

25
30
c
C
c

INPUY DECK 8

CRARR R R AR R AR R AR AR AR R AR AR R A RN KA RARKR R KA R KA R AR R R ARARRRAARARARRARRARARARRARA RN &R

800
1902

READ(M,4004) KR,CASE
00 1902 111=4,10
KF(IIl)=0

KF(1)=e

KF(2)=3

KF(7)=4

KF(B8)=2

KF(L0)=ag

DADINOHS
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B18Q

520

157

OO0

6807

6800

3949

OO0

4950

©CoOTO00

202

1

IF (KR(1) % ,0) GU 0 B1BO

CALL BUKLS

570P

CONTINUF

BLADCM, 4227 (RKQCT), Ic8,10),DUM, THETA,SVL,5P1,5R1 HS

K = @

NG = 0

LF(KRUIZ2Y(NE4) GO YO 520

KRi2=4

Ki(12)=0

CONTINGE
DADINOHUS

IF(MF(LY~1) 156,157,156

IH(KQ(SY,NELE) 6O TD 146

IF(KRC2) . 1E2) GO TO 158

GO YD 156

WRITE(N,2000)

STop

CONTINYE

IFC KRCT)=1) 161,559,161 DADINOU9

IFC KR(E2)=1) 160,801,160 DADINOSO

CALL INPUT DADINOS1
NODENO L8

CSTABLISH IOFNTITY OF EACH SPECIES NODENOL9

DU 6800 J=1,NT
Ka(J)=0
DO 66G2 1=1,NSPEC
IF CFAMOACT) (1b BETA(J), R, FAMDB (1), NE BETB(J))GU YO 6802
Ku(Jgy=1
Gl 10 6800
conTIhub
HRITE(N,9611) BFTA(J),BETB(J)
sTOP
CONTINUL
DO 3919 J=1,20
10 = Ka(d)
¥R(J) = UMASS * WTN(1J)
IF(KR12,EQ.4) 6O TO 161
IF(KR(14),EQ,0) GO YO j61

READ AND MAKE SENSE (F THE TRANSPORT PROPERTY DATA

READ TRANSITION TEMPERATURES
READCKIN,SQOA)Y (TRNS(I),1=1,5)

DO 49%0 I=¢,5

JECTRNS(T) ,LE, 0,) TRNS(I) = 100000,
CONTINUE

MAKE ICLMB=1 FOR COLLISIONS OF THE TYPE~e=mA¢mfa AND A¢wA¢d

MAKE ICLMB=2 FUR COLLISTONS OF THI TYPE=wwAt¢twAte

MAKE ICLMB=3 FOR COLLISIUNS OF THF TYPE==wA¢+ = Ate

lesPy = 1§

NUR = O

It =0

DO 5100 I=1,66

READ(KIN,5001) .

READC(KIN,SOQLIMNA, MOB,MOC,HOD,ICLMB 10ALC1),088C2),0C1(CY),
ACLCT)»ADILL)  AEL(Y)

JFCMOALEQLNELCT(2)) GO TOD 5200

IFCICLMB,EQR,1) DQAl(I)=~990,

IFCICLMB,£Q,2) DAL(LY = ~1090,

IF(ICLMB,EQ,3) OAf(l)=wiig0,
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READ(KIN,S002) 0QAR(1),082(1),0C2(1),AC2(1),AD2(1),AE2(])
1RCOICLER,EG,1) LA2(1)=3-990,
READ(rAIN,5002) NAZ(I),0B3C1),0C3¢I),AC3C1),AD3{Y),AE3(])
IF(ICL L GER,1) GA3(1)2e990,
11273+
JJa=o
S000 JJI=JJ+)
IF(ROAEQMINTACITY JAND  MOD ,EQMINTB(JJ)IIGO TO 5010
IFCJJLT4NUP) GU TO 5000
NUP = NUP ¢ 1
JJ = NuP
MINTA(NUP) = MOA
HINTR(NUPY = MOR
5040 INDXI(1) = JJ
JJ = 0
5020 JJ = JJ ¢ }§
IF(RCC, T MINTA(IIY L AND L HOD ,EQMINTB(JJIIGO TO 5030
IF(JJ, LT NUR) GO YU 5020
NUP = NUP +
JJ = Nup
MINTA(HUP)
MINTB(NUP)
5030 INDX2(I1) = JJ
5100 CONTINUT
5200 IF(NUPLT,LLY) GO O %280
DO 5240 J=zi,NypP
JCS{JY = 0
DO %225 Iz ,NSPEC
IFCRANOA(T) JREBINTACT) JORFAMOB(I)  NL,MINTB(J)) GO TO 5225
JCS5(J) = 1
GO YO %250
528% CulTihuLl
5250 CONTINUE
S280 CONTINUE
NDINT = 1
DO 5290 I=1,HDINT
1| INDX1(T)
12 INDX2(1)
11¢ = JCS(I1)
12€ = JCs(12)
XMK(T) = WTM(TIC)aWTHM(I2C) 7(NTHM(TIIC)PWTM(I2C))
5290 XMM(J)I=SORT (2, 4XMM(1)/3,1415%9)
IESPF=0
DO 5250 I={,nupP
IF(MINIACT) ,EQ NELCT(1)) IESPF=]
5230 CONTINUL
IFCILSPE ,NELG) GO TO 8224
WRITL(KOUT,5003)
StTOP
5224 CONTINUE
IF(NUP JLE,11) GO t0 S229
WRITE(KOUT,5430) MyP
§1QP
5229 CUNTINUE

MOC
“OD

161 IPC KR(2)el) 162,163,163 DADINOSR
{62 C{ = 0, : DADINOS3
6O YO 164 DADINO%Y
163 €1 = §, DADINOSY
164 JFH( KR(10)=)) 165,166,16% DADINOSS
166 C3 s 0, . DADINOS7
GO TO 167 DADINOYHS
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-

165
167
166
169

190
17t

170
17¢

173

174
176

76

77

180
1861

44y

440
355

456
442
443
444

85
544

559
560

569
19%9

204

3 = g,

IF( KR(1) =1) 169,168,169
fl.1 = 2,

FL2 = 2,

60 70 190

FLYI = 1,

fLe = 4,

IF( KRCLIT® =1) 170,171,770
FLG = {4

GO 10 172

FLG = 0,

FLGL 5 FLie}

It ( KR(3)=1) 174,173,376
xhal = 0,

Gr YO 176

XHOL & 1,

CONTINUE

Ic4y = IS - |
INPUT INDICES FOR y VALUE CALCULATIONS

IF(KR(10),EQ,2) GD TO 180

READ (M, §15) N1C

READ (M, 115) (NICNC(T),158,NIC)

READ(M,103) NY, NI, LOFX(1),LDEX(2),LDEX(3)

READ(M,226) (YY{l),1=1,NY)

60 TO {81

READCM,103) LDEX($),LDEX(2),LDEX(3)

CONTINUE

INPUT TRANSMISSION FACTORS FOR CONTM AND LINE CALCULATIONS

IF(KR(YS) ,EQ, 3,0, KR(S),tN,6360 TO 44}
IF (KRB P A, 4,0RKR(S),E3,7) GO TO 44Q
IF(KR(S),EQ,5,00,KR(5),L0,8) GO 10 442
IFC KR(S)mi) 440, uuG,n4i
READ(M,100) (AHV(I), 1= ,NIHVC)
READ (M,300) (AHVL(I),I=],NHV)
READ(M,100) (TMaw(1),I=1,M1HVC)
READ(M,100) (TMSwL(1),131,NHY)
GOTO 8%

DO 345 I=y,NIHVC

TMSW(I) = 0,

AHV(]) = ¢,

DO 446 I={,NHY

ITMSWL(I) = 0,

AHVL(]) & §,

GO 10U 85

DU 443 I=f,NIHVE

THSW(I) = §,

AHV(I) = 0,

DO 444 Isi.NHY

TMSWL(L) = §,

AHVL(T) = 0,

CONTINUE

IFC KR(9),EG,1) GO TO 565

Vi = FHVC(NIRVC)/Z{12,48,62En5)
DO 560 Taf,NY

IF(VI=TEE(I)) 559,560,560
WRITE(N,4010)

STOP

CONTINUE

IF(VIrTH)1559,569,569
IF(VInTOB) §55%9,565,56%
WRITE(N,4010)

DADINDS9
DADLOGD
DADINOGY
DADINQGZ
DADINOGS
DADINOGY
DADINGOS
DADINOSGS
DADINOGTY
DADINOGS
DADINOGY
DAD1INOT0
DADINOTY
DADINOT?
DADINOTY
DADINOTY
DADINOTYS
DADINOQ77
DADINOZ9
DADINO30
DADING3Y

DADINO33

DADINOSY
DADIHO LN

DADINOTY
DAOINOBQ
DADjNOAO
DADINOB
DADINOB2
DADINOBY
DADINOUBY
DADINOBS
DADINO86&
DADINOBY
DARINQHS
DADINOSBY

DADIN1A43
DADINI44
DADINEAS
DADINSYAG
DADINY4Y
DADINLYB
DADINLYQ
DADINOO}
DADINOQOR
DADINOO3




BT AT, S L

565
505

1520

1521
1525

51

1522

1523

1526

52

1524

1527

1529

i
750

STNP
CONTTNUE

NAZHAXD MRV, NTHYC)

wRITE CUY YRANQMIQQIFN FACTORS
WRITE (N, $080) CASE KR

KRITE (1o 1085) (K2(1),1
IF(CU,GY,2,01) KR(13)

KRITL(N,1290)

DO 750 I=1,Nw

IF (NHV,GE.T) GO TD bt

Vi = 12400,/FHVC(T)

IF (KR{5)=5) 1520,15:0,1521

=1,10),XF
=3

EMSB =2 0,
TMSh = f,
GO TO 1525
EMsB = §,
438 = 0,
CONTINUL

BERITE(N,{09R) FHVC(I),VI,EMSN(I),E1SB
GO YO 750

IF(NIHVC,G6F,1) 6O TO 42

V2 = 12000,/FHV(])

IF(KR(9)~5) §1522,1522+1523

EMSBL = 0,

™sBL = 1,

GO T0 (%6

LrHseL = 1,

TM3BL = 0,

CONTINUL

WHRITEIN,1099) FRV(I),V2)EMSWL(T), EMSBL
GO YO 750

Vi = 12400,/FHVC(])

V2 2 12400,./7FHV(I)

IFCKR(S)=5) {524,1524,1527

tM38 = 0,
™88 = §,
EMSBL = C,
TM8BL = 1§,
GO 70 1529
EMSB = |,
TMSB = 0,
EMsaL = 3,
T"SBL - 0 ]
CONTINUL

WRITE(N,$095)FHVC (1), VL, EMSW(T),EMS5B

CONTINYE
RE.TURN
ENQ

P TMSW(I), TMSB

e TMSWL (1), TMSBL

P TMSWL1), THSH
V2,EMSHL (1), MSBL o TMSWL LX), TMSBL

DADINOGOG
DADINSISZ
DADINO9B

DADINISS
DADINIST
DADINLISS

DADINLGO

DADINLG]
DADIN163
DADIN) G4

DADIN| 66

DADINLGY

DADINLIG69
DADINLTO

DADINST2
DADINLIT3

DADINLTS
DADINS J6
DADINY T
DADINI 4B
DADINL A9
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SUHROUTINE SLOPQIN,X,Y45,2)
DIMLMSTON X(1),Y(1),5C1),2(1)
JF{N=1) 9,9,8
SCPYSEY(P)=Y(1))I/(X(2)~X(1))
S(1)=5(2)

BC=S(2)

P07 1=y ,N

IF(I+ieN)2, 1,6

0UR=agC

IF (Ie2)746,%
YoT=X(l)=X(I¢f)
XTT=X(I+§)=X(}+2)
XTOsX(1+2)=X(1)

ARZY (1) /7 (XOTAXTH)
XOYT=X01+XT7T

AB=Y(T+1)/XCTY
ACEY(I42)/7(XTT+XTO)
ALASAA®YT]

ARE=ARAXTO

ACCL=AC*XQOT

BA=Q0C

BB=S(T)

0C=5(T+1)
S(IY=AARIXTN=X(T)+ARB=ACC
QT4 1Y2ARS{YNTaYT T YI4LC T mAAA
S(I42)=ACK(XTT=XTU)+ARL=ALB
Il (1"2),'5'14
S(I)=(8(1)+¢qn)/2,
SC1)=(S(I)+vRI/2,
XPEX(I)=X(1mY)
YSSY(I)+Y(l=})
SPRS(1)=8(I=1)

88=s8(1)

ZC1)=Z(I1e1)aXD/2 % (YSaXD/6,48D)

S(1)=8s
CONTINUE
RETURN
END

SLOPQROO
SLOPROO
SLOPQOO
SLUPQROO
SLOPQOO
SLOUPQOO
SLOPYOO
SLOPRLO
SLLUPGOY
SLOPGEOY
SLUPROY
SLOPQROY
SLOPQROY
SLUPQOY
SLOPGOY
SLOPROY
SLOPQOY
SLUPQOY
31.0Pgoe
sSLorpoe
SLOPGOo2
SLUPGOR
SLOPRROR
SLOPQo2
Stuppoe
SLOPROR
SLOPR0R
sSLOPrgQR
SLUPQROS
SLOFQO3
SLOPGQO3
SLUPRO3
SLOPQOY
SLOPRO3
SLOPUOY
SLOPRO3
SLOPQO3
SLOPROS
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SUBROUTINETRANSI(NY, DY, NIC,NICN, ALF,BTE, TMU,EX,DH,BP,TAUT,FIH,

COMMUN/NONCUOMZAM(L25,123)

FIP)

DIMENSION EXC1),0M(1),BP(1),0Y(1),BFECL), THUCL), TAUT(1) /NICNC(L),

! FIM(1),FIP(1)
DIMENSION ELNC20),FPTAUC20),FMTAU(CE) ,FPE(2C),FMEC20),FPEZ(20]),
i FMEZ(20), vBM{20),VYAM(20),V(M(20),DP(20)
t .
DIMENSION
! DSLC123,4) 4 DACI23,1) , DWD(123,1) , AB(123,1) ,
P WIM{125,8) o AT(123,1) 4, WD(123,1) , GAM(123, ) ,
3 DLXGCL23,8) » AFT(123,48) » AUL{123,1) , BFT(423,1)
4 SLU123,4) , BRG(LI23,1) o ALIG(123,8) 4 AYT(123,1) ,
5 TON(E23,1) o AINCL23,18) o &C(123,1) , AMT(123,1) ,
6 XNN(123,1) » XQ(123,1)
C
EQUIVALENCE
)} (DSLCE),AMC1)) , C(DACYI),AM(300)) , (DWD(1),)AM(2451)) ,
2 CABCL) ) AM(268T)) , (WIM(L,aM(u921)) , (ATCL),AM(4941)) ,
b (WDCL), AMCL961)) 4 (GAM(1),AM(4981)) , (DLXQ(L)Y,AM(S001)),
4 CAFT(1),AM(50243) ,» C(ABE(1),AM(527C)) , (BFTC(1),AM(7381)),
-] (SLOLY AMCTUOLY) o (BRGC1),AM(TU6L)) o (AIG(L),AM(BHTY)) ,
6 CATY (L), AM(BO9LY) o (TONCIY,AN(30147)), (AINCL),AM(12670)),
7 CAGCCL)Y,AM(12610)) (AMT(L),AM132630)) , (XNN(3),AM(9964)),
a (XGIsY, AM(10004))
C
EQUIVALENCE (ELNCY)aM(T441)), (FPTAUCY) pAH(TS64)), (FMTAUC(YL),
1 AM{T687)Y, CFRECLY  AMCTBLG) ), (FPEZ(1),AM(T7933)),
2 (FMEZ($) o AMIBOH6) ), (VBHI1),AM(BIT)) , (VAM(L),AM(B302)),
3 (VEMCL) , AMCBARS) ) (FPELY) , AM(854B))
¢ NOTE THAT THE PARTYIAL DERIVATIVES (R0Y THE FLUX) ARE CORRECT ONLY
C WD THE TLUR LHITILD TR0 THE Wall TQUALS WALLE+BER(il-~1,E, THE
c TEMPERATURES MUSYT BE CONTINUOUS
C
WALLR = EX(§)
WALLE = EX(2)
EBCD = EX(3)
DO 25 J=i,NY
BFT(NY'J) & 0.
BFT(JoNYP) 8 0,
AT(NYJ) ® 0,
PO 25 YIs=i,NY
25 WIM(1,J) = 0,
NYP = NY # DERS
NYM & NY » |
v CALCULATE OPTICAL DEPTHS
EX(L) = §,
TAUT(1) = 0,
00 1 I=2,NY
V s TMUCII/ZTMUCIwY)
Viayet,
DYAL=DY(Imy)RALF

IF (ABS(V1),G7,0,01) GO 10 2
TAUTCI)S(1,4Vin(0,54V1/24,4CVin2,)) ) *DYAL*THMUCTwY)
DM(I)EDYAL (0, 5eV1/8 #(1,33333333eV1))
DP(Ims)EDYALK(0,54V1/24 (4, »V1))
60 TO § -
"2 V3mALOG(V)

V32 3 V3 % V3
TAUTCI)BVL/VIaTHUCTwi)aDYAL
DMCI)YEDYAL#(VIwyi/V)/V32
JOP(Im)BDYALA(VieV) V32

{' CONTINUE

CxaaaaCALCULATE TRANSPORT INTEGR«.,S AND DERIVITVES

DERS
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31

30

32

36

45

44

47
48

37

35

I=NY
IFCSHSCOHIPCI)~ALE (T)), CRIFCIIBEE(ID)) ) LE,,000008)FIPCL1)=BEE(])
FIRLI) =t TP(T)BLE(TD)

DO 3t Jlz2,NY

EXCIY=E X (2 TAUT (1))

ELNCIYSALOGIBFE(I) /REL(I=1))
DEN=TAUT(I)=ELN(Y)

Ditd=g LN(T)

VUM (BEE (1o1)=BEF (1) *xEX(T))/DEN
FIP(I={)=FIP(TIIA0X (1) s VUMADUM
FPTIAUCI=)zwfIPCIr) )4 (DUMKBLE (I=tYuVUMKRELN(I))/DEN
FPE(I={)=(DUM=TAUT(I)/REECIm1)YRAVIIMY/DEN
FPEZ(I=2$ )= (VUM/BUFIIYATAUT(TI)=EX(1)*DUM)/DEN
Iz]let
FIM(E)=(FIP(1)4BEECL) )2 WALLReFIN(1)=BEE(Y)
DO 30 1=2,NY

DENSELNILY+TAUT(I)

DUM==ELN(])
VUMS(BEE (D) ~BFO(I=1)#LX(]))/DEN
FIMCIISFIMOIAg)#EX (1) +VUMRDUM

FMTAUQY ) = IMOII4 (VU CLNCI)4DUMARERCT) ) ZDLN
FHECI) = (DuUtey IM/ZHEL (L) <TAYT(TI)/DEN
FMEZCTIIS(VUM/BLE (1~ *TAUTCII=EX(I)XDUMI/DEN
DO 32 Jzi,NYP

VBM({J)=0,

VAM(J)=0,

VAM(NY) = ERCD

AT(NY,NY) = E£HCD

T=NY

DO 37 II=c,NY

DO 36 J=I,NY

Vam{Jgi=v i {divta{il)

VBM(J)sviM(J)*Ex(])

VBMINYP)aVHMINYP) SUX(I)¢FPTAU(TI=4) Z/ALF*TAUT (1)
VOBM{I)=vBMETY+FPTAN(T~1)20M(T)
VBHCIw{)ZVBM (Tt )4+ PYAUCTIw) ) *DP(fwi)
VAM(I)=VAM(L1)4FPEZ(I=1)

VAM(Jel)sVAM lw})4FPE(]I=Y)

Izl»}

IPaztee

IPisl+}

DUM = FPTAUCEI)Z0Y(I)atAUTCEPY)

vel,

{11=1

VO 45 12sX1,NYy

WIMCIT1,1) = vaDUM

V s VaEX(I)ID)

ITI=]II~{

V =2 wWALLRAWIM(L,1)

WIMCIP L) VI RaFMTAUCLIPL) /DY CI)RTAUT(IPY)

DO 46 I2+v1,1P}§

VovkEX (32

WIMCIZ,1) = WIMCIZ,0) ¢+ V

IFCIP2,GT(NY) GO TO ub

D0 47 1Z=1P2,NY

WIMCIZ,I) & WIM(IZwi,1)«ENX(12)
BFT(I,N'PYVBM(NYP)

DO 37 Jsy,NY

BFT(I,J)evisM(J)

AT(1,J)=2VAM{d)

DGO 3% J=),NYP

VBRM(J)YaVBM(J)~kALLR

VAM{J)IBVAM(JIINWALLR
VAMCE)BVAM(L ) ¢mALLE=L , +WALLR

iy Ty ST (Rl IR IR SORS S

=y

B\
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%

DD 34 I-=i,NY

IF(1,L0,1) GO TO 335

IMzty

JE(WALLR,LE,0,) Tlz]ley

DO 5% Jei,IM

VAN )YSVAMEII&EX(])

VIt (JasVEM(J) &b X(T)
VEM(NYP)aVEBM(NYR)SEXCTIHFMTAUCT) ZALFATAUT(T)
VBM(l e ) 2vBM(Tot )« F MTAUCTIYADP(I=1)
VBMI)=VBMCI)«FHTALCLYDH(T)
VAM{Iw YSVAMCTI~1Y4F MEZ(T)
VAM(LI=VAM(L)+FHEC(T)

BFTCI NYP)SwYBMINYPY+RFY(I,NYP)

DN 3y J=y,NY
BFT(I,J)reVAM(JIYI4RFT(I, )
AT(1,J)eaVAM(J)+AY(1,d)

RETURN

END






